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© CNP analog peptides and their use. 

© Novel peptides represented by the general formula: 



(A)-(B)-(C)-Gly-(D)-(E)-(F)-Asp-Arg-Ile-Gly-(G)-(H)- 



r- Ser-Gly-Leu-Gly-(fi)-U) 

< 

CO 

<0 and physiologically acceptable acid addition salts thereof; 
M where 

r> (A) represents H-, H-Gly, H-Lys-Giy, H-Ser-Lys-Gly, H-Leu-Ser-Lys-Gly, H-Gly-Leu-Ser-Lys-Gly, H-ser, H-Ser- 
05 ser, H-Arg-Ser-Ser, H-Arg-Arg-Ser-Ser, H-Leu-Arg-Arg-Ser-Ser, H-Ser-Leu-Arg-Arg-Ser-Ser; 
~ (B) represents H-Cys or Pmp; 

O (C) represents Phe-, pCl-Phe, pF-Phe, pN0 2 -Phe or Cha; 

(D) represents lie, Val, Aib, tLeu, Gly or Leu; 
IU (E) represents Lys or Arg; 

(F) represents lie, Leu or Met; 

(G) represents Ser or Aia; 
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(H) represents Met or Gin; 

(I) represents -OH, -Asn-OH, -Asn-Ser-OH, -Asn-Ser-Phe-OH, -Asn-Ser-Phe-Arg-OH or -Asn-Ser-Phe-Arg-Tyr- 
OH; and the symbol " " represents a disulfide bond; 

provided that 1) a-hANP, 2) a-hANP (7 - 28) and 3) CNP-22 are excluded from the scope of that general 
formula. 

Also disclosed are agents for suppressing the growth of vascular smooth muscle cells that contains those 
peptides as effective ingredients. 



2 



EP 0 497 368 A1 



This invention relates to the synthesis and use of peptides capable of suppressing the growth of 
vascular smooth muscle cells. More particularly, this invention relates to the synthesis of novel derivatives 
of C-type natriuretic peptide (hereunder abbreviated as "CNP"), the novel physiological actions of CNP and 
its derivatives, and to vascular smooth muscle cell growth suppressing agent that contains one of those 
s peptides as an effective ingredient. The term "CNP analog derivatives" as used herein means the 
compound recited in appended claim 1, CNP-22, human CNP-53, porcine CNP-53, frog CNP and chick 
CNP. 

Many peptides having natriuretic and hypotensive actions have recently been found in the hearts and 
brains of various animals. These peptides are collectively referred to as "natriuretic peptides" or "NPs". 

io Many NPs having different chain lengths or similar primary amino acid sequences have heretofore been 
isolated and identified from living bodies and it has now become clear that all of those NPs are 
biosynthesized from three different NP precursor proteins (prepro ANP, prepro BNP and prepro CNP). 

Therefore, NPs known today can be classified as the following three types in accordance with the route 
of their biosynthesis: A-type NP (A-type natriuretic peptide or ANP); B-type NP (B-type natriuretic peptide 

15 or BNP); and C-type NP (C-type natriuretic peptide or CNP). 

Among these NPs, ANP and BNP were isolated from the atrium and the brain, respectively, so ANP has 
initially been called an atrial natriuretic peptide and BNP, a brain natriuretic peptide (Natsuo, H and 
Nakazato, H, Endocrinol. Metab. Clin. North Amer., 16, 43, 1987; Sudoh, T et al., Nature, 332, 78, 1988). 
However, later studies have revealed that ANP is produced not only in the atrium but also in the brain and 

20 that similarly, BNP is produced not only in the brain but also in the heart (Ueda, S. et al., Biochem. Biophys. 
Res. Commun., 149, 1055, 1987; Aburaya, M. et al., Biochem. Biophys. Res. Commun., 165, 872, 1989). It 
was also verifiedlhat both ANP and BNP, when administered in vivo, exhibited comparable and noticeable 
levels of natriuretic and hypotensive actions. On the basis of those findings, both ANP and BNP are 
presently considered to work not only as hormones to be secreted from the heart into blood but also as 

25 nerve transmitting factors, thereby playing an important role in maintaining the homeostatic balance of body 
fluid volume and blood pressure. 

CNP is a group of peptides that are assignable to a third class of NPs following ANP and BNP and 
those peptides were isolated very recently, followed by the unravelling of their structures and the 
mechanism of their biosynthesis. 

so The first discovered CNPs were CNP-22 composed of 22 amino acid residues and CNP-53 having 31 
amino acid residues attached to the N-terminus of CNP-22, and those peptides were both Isolated from 
porcine brain and their structures were unravelled. It was also determined that CNP-22 and CNP-53 were 
present in nearly equal amounts in the porcine brain (Sudoh, T. et al., Biochem. Biophys. Res. Commun., 
168 , 863, 1990; Minamino, N. et al., Biochem. Biophys. Res. Commun., 170, 973, 1990). At a later time, 

as porcine CNP genes and cDNA corresponding to CNP-22 and CNP-53 werelsolated and their analysis has 
shown that both CNP-22 and CNP-53 are produced from a common precursor protein (prepro CNP). It was 
also found that this prepro CNP was clearly different from ANP and BNP precursor proteins (prepro ANP 
and prepro BNP) (Tawaragi, Y. et al., Biochem. Biophys. Res. Commun., 172, 627, 1990). 

The isolation of the porcine CNP gene was followed by the isolation oFrat CNP cDNA and human CNP 

40 gene and the structures of rat and human CNP precursor proteins have been unravelled. As a result, it has 
been found that CNP-22 has the same primary amino acid sequence in the three animal species, pig, 
human and rat, that CNP-53 has the same primary amino acid sequence in pig and rat but has different 
sequences in human and pig in that amino acid substitution occurs in two positions, and that unlike ANP 
and BNP, CNP is not produced in the heart but produced specifically in the brain (Kojima, M. et al., FEBS 

45 letter, 176, 209, 1990; Tawaragi, Y. et al., Biochem. Biophys. Res. Commun., 175, 645, 1991). As of today, a 
peptide assignable to CNP has also been isolated and identified from frogs and chicks (Japanese Patent 
Application Nos. 238294/1990 and 238293/1990). 

Thus, it has been verified that CNP occurs not only in mammals but also in birds and amphibians. 
However, much is left unclear about the physiological role of CNP as NP. 

so The primary amino acid sequence of CNP is similar to those of ANP and BNP and, when administered 
in vivo , CNP exhibits natriuretic and hypotensive actions. Therefore, CNP has been held assignable to the 
NP family. However, compared to ANP and BNP, CNP is considerably weak in natriuretic and hypotensive 
actions (1/50 - 1/100) and, further, unlike ANP and BNP, the tissue of CNP production is limited to the brain; 
thus, CNP stands in a peculiar position in the NP family and it has been speculated that CNP will play other 

55 physiological roles in addition to that of maintaining the homeostatic balance of body fluid volume and blood 
pressure. 

The studies conducted so far have shown that the mechanism by which NP exhibits a hypotensive 
action will probably be as follows: NP binds to an NP receptor present on the surface of a vascular smooth 
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muscle cell, thereby increasing the level of intracellular cGMP (cyclic guanosine monophosphate), which 
works as an intracellular second messenger of NP to eventually cause the relaxation of blood vessels. As a 
matter of fact, it has been verified that the level of intracellular cGMP rises when NP is allowed to act on a 
sample of blood vessel or cultured vascular smooth muscle cells (VSMC). 

5 However, the present inventors recently found that when CNP was allowed to act on VSMC. it 
unexpectedly increased the level of intracellular cGMP in VSMC several times as much as in the case 
where ANP or BNP was used (Furuya, M. et al., Biochem. Biophys. Res. Commun., 170, 201, 1990). This 
suggests that cGMP induced by CNP not only works as a second messenger in vascular relaxation but also 
has a capacity for functioning as a mediator in the development of other physiological actions. In this 

to regard, Garg et al. have shown that vascular relaxants such as nftroprruside and S-nitroso-N-acetyl 
penillamme suppress cell growth in a rat VSMC line and that 8-bromo cGMP exhibits a similar action in the 
same cell line. Garg et al. have concluded that this growth suppressing action is caused by cGMP induced 
by nitric oxide (NO) radicals (Garg, U.C. et al.. J. Clin. Invest., 83, 1774, 1989). 

Kariya et al. have reported that ANP enhances the production of intracellular cGMP in cultured vascular 

75 smooth muscle cells derived from rabbit aortas, thereby suppressing the growth of those cells (Kariya, K. et 
al., Atherosclerosis, 80, 143, 1989). 

All the reports mentioned above suggest strongly that cGMP works as a mediator in suppressing the 
growth of cultured vascular smooth muscle cells and they also suggest the possibility that cGMP induced 
by CNP also suppresses the growth of cultured vascular smooth muscle cells. However, it is not known 

20 today whether CNP suppresses the growth of cultured vascular smooth muscle cells. 

On the other hand, it is known that all NPs have a cyclic structure composed of 17 amino acid residues 
that are formed on the basis of intramolecular S-S bonds. Thus, when the structure of NP is divided into 
three domains including the common cyclic structure (i.e., an exocyclic N-terminal domain, an endocyclic 
domain, and an exocyclic C-terminal domain), it can be seen that the structure of CNP differs from those of 

25 ANP and BNP in the following points (see Rg. 1). First, the primary amino acid sequence of CNP 
completely differs from that of ANP or BNP in terms of the exocyclic N-terminal domain whereas the 
endocyclic domain of CNP differs from that of ANP in terms of 5 of the 17 amino acid residues and differs 
from that of BNP in terms of 4 of the 17 amino acid residues. The structure of the exocyclic C-terminal 
domain of CNP differs greatly from that of ANP or BNP since it does not have the "tail" structure which 

so occurs in ANP or BNP (in the case of ANP and BNP, 5 or 6 amino acids are attached to the C-terminal side 
of the cyclic structure of ANP or BNP, respectively, and this structure is named a "tail" structure for the 
sake of convenience). Obviously, these structural differences between CNP and ANP or BNP contribute to 
the development of the aforementioned characteristic physiological actions of CNP. However, it has not yet 
been known as to which domain structure of CNP and which primary amino acid sequence are directly 

35 involved in the strong cGMP producing activity of CNP. 

A first object, therefore, of the present invention determines as to whether peptides assignable to CNP 
isolated from the nature will suppress the growth of cultured vascular smooth muscle cells. 

A second object of tile present invention is to unravel the minimum activity structure of CNP that 
contributes to the development of its strong cGMP producing activity, as well as the primary sequence of 

40 the essential amino acids of CNP. On the basis of the thus obtained findings, the present invention aims at 
constructing novel CNP derivatives that exhibit a stronger cGMP producing activity than naturally derived 
CNP. 

A third object of the present invention is to find a method of using naturally derived CNP and its 

derivatives as pharmaceutical drugs. 
45 To begin with, in order to achieve the first object of the invention, the present inventors checked to see 

whether or not CNP would suppress the DNA synthesis of cultured rat vascular smooth muscle cells 

stimulated with sera or PDGF (platelet derived growth factor). 

Then, in order to achieve the second object of the invention, the present inventors constructed those 

derivatives of a-hANP (in humans, this peptide is primarily secreted from the atrium into blood) and CNP-22 
so in which part of the amino acid sequences were interchanged with each other, as well as a CNP-22 

derivative from which the exocyclic N-terminal domain was deleted, and established which domain or 

primary amino acid sequence of CNP would contribute to the development of the strong cGMP producing 

activity which was characteristic of CNP. At the same time, the present inventors unravelled the minimum 

activity structure which was necessary for the development of the aforementioned activity of CNP. The 
55 present inventors then replaced some amino acid residues in those CNP derivatives by unusual amino acid 

(non-native type) residues so as to construct CNP derivatives that had a stronger cGMP producing activity 

and DNA synthesis inhibiting activity than CNP. 

In order to achieve the third object of the invention, the present inventors entirely reviewed the 
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previously known physiological actions of CNP including those disclosed by the present invention, as well 
as the observations heretofore obtained on the basis of the analyses of various diseased tissues and 
thereby present a specific method of using CNP and novel CNP derivatives as pharmaceutical drugs. 

Fig. 1 is a diagram showing the primary structures of representative natriuretic peptides that belong to 
s the respective classes of A-type NP, B-type NP and C-type NP; 

Fig. 2 is a graph showing the DNA synthesis inhibiting action of a-hANP and CNP-22; 

Fig. 3 is a graph showing the DNA synthesis inhibiting action of a-hANP, CNP-22 and hCNP-53; and 

Fig. 4 is a graph showing the correlation between the cGMP producing activity and DNA synthesis 

inhibiting activity of CNP analog peptides. 
70 In accordance with the method described in Example 1 under 1-2 (see below), the present inventors 
made an investigation to see whether CNP-22 and human CNP-53 (hCNP-53) would suppress the cell 
growth of rat VSMC. It was found that as shown in Figs. 2, 3 and 4, both CNP-22 and hCNP-53 would 
suppress the DNA synthesis of rat VSMC in a dose-dependent manner and with a comparable intensity. It 
was also found that the intensity of their action was 10 times as great as a-hANP. Further, it was found that 
?5 as shown in Table 1 below, CNP-22 suppressed the increase in the cell count of VSMC as stimulated with 
serum. 

Table 1 Suppression by CNP-22 and a-hANP 
2Q of the growth of rat vascular 

smooth muscle cells stimulated 
with 1% serum 

Cell count 



Compound Dose (x 10 3 cells/well) {% of control] 



20.6 ± 0.2 [100] 
5 X 10" 7 M 15.0 + 0.3 * [72.8 ± 1.1] 

5 X 10" 7 M 17.1 ± 0.2 *« [83.0 ± 1.3] 



Physiological 
saline 

CNP-22 

a-hANP 



Data shown as mean ± s.d. (n = 12) 
40 * : p < 0.01, with statistically significant difference in 
Student's t-test. 
«» : p < 0.05, with statistically significant difference in 

Student's t-test. 

45 • - ■ ■ 

On the basis of the data shown above, it was discovered for the first time that CNPs (CNP-22 and 
hCNP-53) exhibited the ability to suppress the cell growth of rat VSMC. it was also found that a positive 
correlation existed between the intensity of their ability to suppress cell growth and the concentration of 
50 intracellular cGMP. 

The present inventors then constructed various CNP derivatives in accordance with the guideline to be 
described below and made an investigation as to which structure or primary amino acid sequence of CNP 
would be responsible for the strong cGMP producing activity characteristic of CNP. 

As already mentioned, structural comparison of CNP-22 with a-hANP as regards three domains 
55 (exocyclic N-terminal domain, endocyclic domain, and exocyclic C-terminal domain) shows that CNP-22 
differs from a-hANP in the following points (see Fig. 1). First, the primary amino acid sequence of CNP-22 
differs entirely from a-hANP in terms of the exocyclic N-terminal domain and as regards the endocyclic 
domain, CNP-22 differs from a-hANP in five out of the 17 amino acid residues (9-position leucine, 10- 
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position lysine, 11-position leucine, 16-position serine and 17-position methionine residues in CNP-22, 
provided that those residues correspond to 10-position glycine, 11-position arginine, 12-position methionine, 
17-position alanine and 18-position glutamine residues in a-hANP). Further, CNP-22 does not have the 
exocyclic C-terminal domain which is present in a-hANP. Therefore, it is obvious that these structural 
differences are responsible for the differences in physiological action between CNP and ANP (especially the 
difference in cGMP producing activity against VSMC). 

Under these circumstances, the present inventors conducted investigations to determine which domain 
structure of CNP was responsible for the cGMP producing activity characteristic of CNP. Table 2 below 
shows the primary structures' of all the derivatives synthesized in accordance with the present invention. 
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First, the inventors synthesized an a-hANP derivative having the exocyclic C-terminal domain deleted, 
55 CNP-22 and a-hANP derivatives having the respective domains interchanged therebetween, and a CNP-22 
derivative having the exocyclic N-terminal domain deleted (see Table 2 under 1 - 5), and they investigated 
the cGMP producing activity of those derivatives. 

As shown in Table 3 below, it was found that each of derivatives 3 and 4 which had the endocyclic 
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domain structure of CNP-22 in their molecule, and derivative 5 which had the exocyclic N-terminal domain 
of CNP-22 deleted exhibited a strong cQMP producing activity at a comparable level to that exhibited by 
CNP-22. 



Table 3 Physiological activities of 



cGMP producing 

activity 

(% increase 



Compound uptake ; 



«-hANP 58 100 

CNP-22 76 621 



1 


NT 


62 


2 


38 


147 
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NT 


667 
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NT 


663 
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65 


616 
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49 


344 


7 


NT 


413 










NT 


707 


10 


NT 


659 


11 


NT 


71 


12 


NT 


273 


13 


NT 


58 


14 


17 


23 


15 


72 


559 


16 


NT 


688 


17 


NT 


233 


18 


NT 


333 


19 


NT 


38 


20 


NT 


499 


21 


NT 


549 


22 


NT 


160 


23 


NT 


NT 


24 


NT 


719 


25 


NT 


785 


26 


NT 


255 


27 


NT 


523 


hCNP-53 


71 


458 


pCNP-53 


NT 


524 
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1) Percent inhibition as achieved by adding 0.1 \im of each 
peptide to a BSMC line stimulated with PDGF (20 ng/m£) . 

2) Specific activity as compared to the activity of 1 pm 

5 a-hANP (2000 fmol/400000 cells), with maximum activity 

being equivalent to the cGMP producing ability of each 
compound for 1 um. 

10 

On the other hand, derivative 1 having the exocyclic C-terminal domain of a-hANP deleted and 
derivative 2 in which the exocyclic N-terminal domain of ot-hANP was replaced by the exocyclic N-terminal 
domain of CNP-22 were found to exhibit only a weak cGMP producing activity at a level comparable to a- 
hANP. 

is On the basis of the data described above, it was concluded that the strong cGMP producing activity of 
CNP was due to the endocyclic domain structure of CNP-22. Further, it was eventually found that derivative 
19 which had the intramolecular S-S bonds of CNP-22 cleaved hardly reduced the cGMP producing activity 
and this fact enabled the present inventors to conclude that cyclic CNP (6 - 23) 5 was the minimum activity 
structure regarding the cGMP producing activity of CNP. 

20 Subsequently, the present inventors made an investigation as to which of the amino acid residues (or 
which primary amino acid residue) in the endocyclic domain of CNP was important for the development of 
the cGMP producing activity of CNP. To this end, using CNP-22 as the skeletal structure, the present 
inventors constructed one-residue substituted derivatives (see Table 2 under 6 - 10) in which 5 amino acid 
residues in the endocyclic- domain of CNP-22 that were different than a-hANP (i.e., 9-position leucine, 10- 

25 positton lysine, 11-position leucine, 16-position serine and 17-position methionine residues) were replaced 
by the corresponding amino acid residues in a-hANP (i.e., 10-position glycine, 11-position arginine, 12- 
position methionine, 17-position alanine and 18-position glutamine), and their activity for cGMP production 
was investigated. 

As shown in Table 3, both derivatives 9 (16-position substituted derivative of CNP-22) and 10 (17- 
30 position substituted derivative) exhibited a strong activity comparable to that of CNP-22. On the other hand, 
derivatives 6, 7 and 8 (9-, 10- and 11-position substituted derivatives, respectively, of CNP-22) had a lower 
activity than CNP-22 (but higher than that of a-hANP). 

On the basis of these data, it was found that the 9-position leucine, 10-position lysine and 11 -position 
leucine residues of CNP-22 were important for the development of the cGMP producing activity of CNP. 
35 However, as is clear from Table 3, none of the one-residue substituted derivatives (6, 7 and 8) achieved 
satisfactory reduction in activity; therefore, it was anticipated that the residues important to the activity were 
not single residues but that they would be composed of at least two residues selected from among the 9- 
position leucine, 10-position lysine and 11-position leucine residues of CNP-22. 

Therefore, the present inventors subsequently constructed two-residue substituted derivatives (see 
40 Table 2 under 11 - 13) and three-residue substituted derivative (see Table 2 under 14) by combining the 9- 
position leucine, 10-position lysine and 11-position leucine residues of CNP-22 and investigated their cGMP 
producing activity. 

As shown in Rg. 3, the three-residue substituted derivative 14 caused a marked drop in activity as was 
expected. Each of the two-residue substituted derivatives caused an even greater drop in activity than the 
45 aforementioned one-residue substituted derivatives. The drop in activity caused by derivatives 11 and 13 
was particularly marked. 

On the basis of those analyses, it was found that Leu-Lys-Leu, namely, the sequence of positions 9 to 
11 of the primary amino acid sequence for the endocyclic domain of CNP-22 was important for the 
development of the cGMP producing activity of CNP. This was also verified by the fact that three-residue 

so substituted derivative 15 in which the amino acid residues in positions 10, 11 and 12 of a-hANP were 

replaced by leucine, lysine and leucine residues, respectively, exhibited a strong cGMP producing activity. . _____ 
at a substantially comparable level to CNP-22. It is difficult to identify which of the three-residues in 
positions 9-11 of CNP-22 is particularly important on the basis of the above-described experimental results 
but in view of the fact that the one-residue substituted derivative 6 and the two-residue substituted 

55 derivatives 11 and 13 were all lower in cGMP producing activity than the other one- and two-residue 
substituted derivatives, the leucine residue in position 9 of CNP may well be considered to be particularly 
important. In other words, the difference in cGMP producing ability between ANP and CNP would originate 
from the difference between the leucine residue in position 9 of CNP-22 and the corresponding glycine 
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residue in position 10 of a-hANP. 

In the next place, combining those findings of the present invention with the observations obtained by 
the previous studies on the structure-activity correlation of ANP (see, for example, Minarnitake, Y. et al., 
Biochem. Biophys. Res. Commun., 172, 971, 1990), the present inventors attempted to prepare CNP 

5 derivatives having a stronger cGMP producing activity and DNA synthesis inhibiting activity than naturally 
occurring NP (ANP or CNP). 

First, noting the leucine residue in position 9 of CNP-22, the present inventors constructed derivatives 
that had CNP-22 as the skeletal structure and in which the leucine residue in position 9 was replaced by 
isoleucine, valine, a-aminoisobutyric acid or t-leucine residue (see Table 2 under 20 - 23). Then, the 

10 inventors constructed other derivatives that had CNP (6 - 22) 5 as the skeletal structure and in which the 
cysteine residue in position 6 was replaced by a pentacyclomercaptopropionyl group, the phenylalanine 
residue in position 7 was replaced by a p-chloro-phenylalanine residue, and the 6- and 7-position residues 
were respectively replaced by pentacyclomercaptopropionyl and p-chloro-phenylalanine residues (see Table 
2 under 16, 17 and 18). Further, the inventors constructed other derivatives that had [Leu10, Lys11, Leu12] 

75 a-hANP (7 - 28) as the skeletal structure and in which the phenylalanine residue in position 8 was replaced 
by p-chloro-phenylalanine, p-fluoro-phenylalanine, p-nitrophenylalanine and cyclohexylalanine residues, re- 
spectively (see Table 2 under 24 - 27). The inventors also investigated the cGMP production by those 
derivatives. 

As shown in Table 3, among the derivatives having CNP-22 as the skeletal structure, derivatives 20 and 
so 21 were found to exhibit substantially the same level of activity as CNP-22. As for the derivatives having 
CNP (6 - 22) as the skeletal structure; derivative 16 was found to exhibit a stronger activity than CNP-22. As 
regards the derivatives having [Leu10, Lys11, Leu12] a-hANP (7 - 28) as the skeletal structure, derivatives 
15, 24, 25 and 27 were found to exhibit 4 - 6 times as high activity as a-hANP. Derivatives 24 and 25 were 
found to have a particularly high activity, even stronger than CNP-22. 
25 On the basis of these results, it was found that derivatives exhibiting a stronger cGMP producing 
activity than CNP-22 or a-hANP could be constructed by replacing part of the amino acid residues in CNP- 
22, CNP (6 - 22) and [Leu10, Lys11, Leu12] a-hANP (7 - 28) with unusual amino acid (non-native type) 
residues. 

We now describe specifically the method of using CNP and its derivatives as pharmaceutical drugs. 

30 Up to date, there have been reported various disease caused by the abnormal growth of vascular 
smooth muscle cells. For example, the restenosis of the coronary artery occurs in about 30% of the patients 
on whom percutaneous transluminal coronary angioplasty (PTCS) has been performed successfully and it is 
known that in almost all cases, the cause is not the formation of thrombi but the abnormal growth of arterial 
smooth muscle cells, it is also known that restenosis of a similar type occurs in blood vessels in 

35 transplanted tissues including an artery bypass. Further, the growth of vascular smooth muscle cells has 
often been found in the blood vessels of patients suffering from arteriosclerosis. However, no therapeutics 
have yet been found that are effective against those diseases due to the growth of vascular smooth muscle 
cells and their development is presently in demand. 

In the present invention, the inventors have revealed for the first time that CNP is capable of effectively 

40 suppressing the growth of vascular smooth muscle, cells. The inventors have also revealed that a positive 
correlation holds between the intensity of this action and that of cGMP producing activity. Further, the 
inventors succeeded in constructing derivatives exhibiting a stronger cGMP producing activity than naturally 
occurring ANP or CNP. 

With these facts taken together, CNP and its derivatives that exhibit a strong cGMP producing activity 
45 against vascular smooth muscle cells can potentially be used as effective therapeutics or preventives 
against diseases such as restenosis and arteriosclerosis that are caused by the abnormal growth of vascular 
smooth muscle cells. 

To summarize, the present inventors unravelled the fact that CNP strongly suppresses the abnormal 
growth of vascular smooth muscle cells and further found that a positive correlation would hold between the 
so intensity of this action and that of cGMP producing activity. 

The present inventors then synthesized various novel derivatives of CNP and found that CNP (6 - 22) 
was the minimum structure required for the cGMP producing activity of CNP against VSMC. The present 
inventors also succeeded in synthesizing novel CNP derivatives that would exhibit a stronger cGMP 
producing activity than naturally occurring ANP or CNP. Further, the present inventors found that CNP and 
55 its derivatives could be used as effective therapeutics or preventives against diseases such as restenosis 
and arteriosclerosis that are caused by the abnormal growth of vascular smooth muscle cells. The present 
invention has been accomplished on the basis of those findings. 

In specific examples of the present invention, the description concerns the CNP derivatives listed in 
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Table 2 but it should be noted that in the light of the findings of the present invention, the construction of 
derivatives exhibiting a stronger cGMP producing activity against VSMC is also applicable to the other NPs 
the structures of which have already been identified. 

The peptides of the present invention may be converted to acid addition salts with inorganic acids such 
5 as hydrochloric acid, sulfuric acid and phosphoric acid, or with organic acids such as formic acid, acetic 
acid, butyric acid, succinic acid and citric acid. 

The peptides of the present invention can be produced by standard methods of chemical synthesis or 
recombinant DNA techniques (except for derivatives that contain amino acid residues of a non-native type). 
Review books on methods of chemical synthesis include, for example, "Seikagaku Jikken Koza (A Course in 
10 Experimental Biochemistry) I, Tanpakushitsu no Kagaku (Protein Chemistry), IV, Part II, pages 207 - 495" 
published by Tokyo Kagaku Dojin, "Peputido Gosei no Kiso to Jikken (Fundamentals and Experiments of 
Peptide Synthesis), by N. Izumiya et al.", published by Maruzen, and "Peputido Kemisutor! ■ (Peptide 
Chemistry), 1984, pp. 229 - 234, pp. 235 - 240 and pp. 241 - 246, ed. by Izumiya" ed. by Izumiya", 
published by Tanpakuken (Protein Engineering Research Laboratory), and various methods of synthesis are 
is described in detail in those books. An example of the production methods by recombinant DNA techniques 
is described in "Idenshi Sosa (Gene Manipulation), 1990, Extra Issue of Tanpakushitsu Kakusan Koso 
(Proteins, Nucleic Acid and Enzymes), pages 2613 - 2619, ed. by M. Takanami and K. Kimura", published 
by Kyoritsu Shuppan, and the basic procedures of production are described in this reference. 

The peptides of the present invention were synthesized in accordance with the method of chemical 
20 synthesis described in those references. Namely, amino acids with protective groups were condensed and 
extended by a method known as the solid-phase method" and, after removing all protective groups with 
hydrogen fluoride, the desired peptides were produced via a disulfide binding reaction. 

The crude peptides obtained by the aforementioned methods are purified by combinations of common 
methods of purification such as ion-exchange column chromatography, reverse-phase column chromatog- 
25 raphy, etc. 

The pharmaceutical composition of the present invention can be administered either as free forms of 
the peptides of the present invention or as pharmacologically acceptable acid addition salts thereof. 

The peptides of the present invention or their pharmacologically acceptable acid addition salts are 
desirably mixed with a pharmacologically acceptable carrier, excipient, diluent, etc. that are known per se 

30 before they are administered by methods that are commonly used with peptide drugs, namely, by 
parenteral administration such as intravenous, intramuscular or subcutaneous administration. However, they 
may be administered perorally as microcapsules in which the peptides of the present invention are 
incorporated as the active ingredient in liposome, pofyamide, etc. and which are rendered resistant to 
degradation in the digestive tract. Another method of administration that can be adopted is to have the drug 

35 absorbed through the mucous membrane such as in the rectum, within the nose or eye or beneath the 
tongue, so that the drug is administered as a suppository, intranasal spray, eye drop or sublingual tablet. 

The dose of the pharmaceutical composition of the present invention may vary with the kind of disease, 
the age of patient, his body weight, the severity of disease, the route of administration, etc.; typically, it can 
be administered in a daily dose of 0.01 - 10 mg/body, with the preferred range being from 0.05 to 1 

+0 mg/body. 

Unless otherwise noted, the amino acids mentioned herein are in L-form and the abbreviations for those 
amino acids and reagents are listed below. 



Cha: 


cyclohexylalanin 


Asp: 

Asp(OcHex): 


L-asparagine 
jS-cyclohexylaspartic acid 


Ser: 


L-serine 


Ser(Bzl): 


O-benzyl-L-serine 


Gin: 


L-glutamine 


Gly: 


Glycine 


Ala: 


L-alanine 


Cys: 


L-cysteine 


Cys(4MeBzl): 


4-methylbenzyl-L-cysteine 


Met: 


L-methionine 


lie: 


L-isoleucine 


Leu: 


L-leucine 


t-Leu: 


L-tertiary leucine 


Tyr: 


L-tyrosine 


Tyr(BrZ): 


O-2-bromobenzyloxycarbonyl-L-tyrosine 
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Phe: 


L-phenylalanine 




L-arginine 


Arg(Tos): 


G-tosyl-L-arginine 


pClPhe: 


parachloro-L-phenylalanine 




pentacyclomercaptopropionic acid 


Aib: 


aminoisobutyric acid 


Lys: 


L-lysine 


Boo: 


t-butyloxycarbonyl 


TFA: 


trifluoroacetic acid 


NMP: 


N-methylpyrrolidone 


DMSO: 


dimethyl sulfoxide 


HOBt; 


N-hydroxybenzotriazole 


DIEA: 


diisopropylethylamine 


□CC: 


dicyclohexylcarbodiimide 



15 The purity of each final product was assayed by the procedures of thin-layer chromatography, analytical 
high-performance liquid chromatography and amino acid analysis that are described below. 

Thin-layer chromatography 

20 Support: silica gel 60 F-254 (Merck) 
Developing solvent: 

rf1 n-butanol:acetic acid:pyridine:water = 4:1 :1 :2 
rf2 n-butanol:acetic acid:pyridine:water = 30:20:6:24 

25 Analytical high-performance liquid chromatography 

Apparatus: Shimadzu LC-6A system 
Column: YMC-Pack A-302 0D5 4.6* X 150 mm 

Developing solvent: 30-min linear gradient from 18% CH 3 CN/0.1% TFA to 60% CH 3 CN/0.1% TFA 

30 

Amino acid analysis 

Apparatus: Hitachi Amino Acid Analyzer Model 835 

The following examples are provided for the purpose of further illustrating the present invention but are 
35 in no way to be taken as limiting. 

Example V. Measurements of Biological Activities 

1-1: Measurement of CGMP producing activity 

40 

The above-mentioned activity of compounds synthesized according to the present invention was 
measured by the methods of Hirata et al. (Biochem. Biophys. Res. Commun., 128, 538, 1985) and 
Scarborough et al. (J. Biol. Chem., 261, 12960, 1986). The cells used were cultured vascular smooth muscle 
cells (hereunder abbreviated as VS"MC) derived from the aortas of rats. From 10 -3 to 10~ 6 M of a-hANP or 
45 a peptide of interest was incubated together with VSMC and the amount cGMP produced was measured by 
cGMP radioimmunoassay. Percent maximum reactivity for each peptide, with the value of maximum 
reactivity for a-hANP being taken as 100%, was used as an indicator of activity. 

1-2: Measurement of cell growth suppressing activity 

Cell growth suppressing activity was evaluated in accordance with the method of Karlya et al. 
(Atherosclerosis, 80, 143 - 147, 1990) by measuring the uptake of pH] thymidine into cells as an indicator of 
percent DNA synthesis inhibition using the above-identified VSMC. Cells tuned to a stationary phase were 
incubated at 37" C for 14 h with each sample added in the presence of 1% serum or 20 ng/ml of PDGF 
55 (platelet derived growth factor). Then, following the addition of 37 kBg/ml of [ 3 H] thymidine, the incubation 
was continued for another 4 h and the radioactivity of [ 3 H] thymidine incorporated into the cells was 
measured. The values of measurement were such that the uptake of [ 3 H] thymidine for the case where only 
1%.serum or PDGF was added in the absence of peptide was taken as 100%, with the percent suppression 
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due to the peptide addition being accordingly calculated. The results of measurements are shown in Figs. 2 
and 3 and in Table 3. 

As for CNP-22, VSMC were cultured for 4 days in the presence of 1 % serum with CNP-22 or o~hANP 
being added, and the number of cells was counted with a hemocytometer. The results are shown in Table 
s 1. . 

Example 2: Synthesis of CNP Derivatives 

The peptides of the present invention were all prepared by the solid-phase method with a peptide 
to synthesizer Model 431 of Applied Biosystems, Inc. As representative examples, the synthesis of com- 
pounds listed in Table 2 under 2 and 19 is shown below. 

2-1: Compound No. 2 

js Synthesis of H-Qly-Leu-Ser-Lys-Gly-Cys-Phe-Gly-Qly-Arg-Met-Asp-Arg-lle-GIy-Ala-Gln-Ser-Glu-Leu-Glu- 
Cys-Asn-Ser-Phe-Arg-Tyr-OH (of disulfide type) 

Starting with 0.7 g (0.5 mmol) of Boc-Tyr(Br-Z)-0-CH2-PAM resin, removal of Boc with 60% TFA, 
neutralization with DIEA, and condensation of protected amino acids with DCC/HOBt were repeated 

20 sequentially to obtain ca. 2.1 g of a protected peptide resin. The resin was treated with HF (17 ml) at -2° C 
for 60 min in the presence of para-creso! (3 ml). The free peptide was extracted with 50 ml of TFA and 
thereafter concentrated, followed by addition of ether to obtain 800 ml of a crude peptide. This peptide was 
dissolved in 32 g of urea-saturated water and added dropwise, with stirring, to urea-saturated water (288 
mi, pH 7.4) containing potassium ferricyanide (147 mg, 44.8 umol). After the end of the addition, the 

25 reaction solution was adjusted to pH 5 with acetic acid and loaded on a linked column of AG3-X4A (10 mi, 
Cl-fprm) and HP-20 (150 ml that were equilibrated with 1 N AcOH. After washing with 1 N AcOH (500 
mi), the peptide adsorbed on HP-20 was eluted with 80% CH 3 CN/1 N AcOH. The fractions containing the 
desired peptide were concentrated and freeze-dried to obtain a crude cyclic peptide (750 mg). 

Subsequently, the crude peptide was loaded on an ion-exchange column (CM-2SW, 2* x 15 cm) 

30 equilibrated with water and the peptide was eiuted by a 60-min linear gradient from water to 0.5 M NI-UCAc 
(pH 7.2). The principal fractions were collected, loaded on a reverse-phase C18 column (YMC-Pack D-ODS, 
2+ x 25 cm) initialized with 0.1% TFA, and thereafter subjected to a 60-min linear gradient from 30% 
CH 3 CN/ 0.1% TFA to 60% CHaCN/0.1% TFA for elution at 10 mi/min. Fractions having a purity of at least 
97% were collected and freeze-dried to obtain 150 mg of the end compound (2). All other derivatives 

35 excepting compound No. 19 were prepared in the manner described above. 



2-2: Compound No. 19 

40 Synthesis of H-Gly-Leu-Ser-Lys-Gly-Cys(Me)-Phe-Gly-Leu-Lys-Leu-Asp-Arg-ile-Gly-Ser-Met-Ser-Gly-Leu- 
Gly-Cys(Me)-OH 

Dithiothreitol (10 ml) was added to an aqueous solution (5 mi) of CNP (6.0 mg) and the resulting 
solution was adjusted to pH 8.5 with 10% aqueous ammonia, followed by standing at room temperature for 
45 30 min. The reaction solution was loaded on a reverse-phase C18 column (YMC-Pack D-ODS, 2* x 25 cm) 
and the desired peptide was isolated by CH 3 CN gradient elution in accordance with the procedure 
described in Example 1 under 1-1 , and the isolated peptide was freeze-dried to obtain 5.7 mg (2.6 umol) of 
reduced CNP. it was then dissolved in water (3 mi) and an acetonitrile solution (0.5 ml) containing 1.6 mg 
(7 T 3 umol) of methyl 4-nitrobenzenesulfonate was added to the resulting aqueous solution and the mixture 
50 was left to stand at room temperature for 2 h. After verifying the loss of the starting material by HPLC, the 
peptide was separated on a reverse-phase C18 column to obtain 4.5 mg of the end compound (19). 

As for the physiological activities of CNP, it was for the first time found by the present inventors that 
CNP had a strong cell growth suppressing activity with respect to vascular smooth muscle cells. 

This action was found to be 1 0 times as strong as that of a-hANP. It was also found that a positive 
55 correlation holds between the intensity of that action and the concentration of intracellular cGMP. 

Then, as for the correlation between the structure and activity of CNP, the present inventors found that 
the minimum activity structure for the cGMP producing activity of CNP was cyclic CNP (6 - 23) 5. It was 
also found that Leu-Lys-Leu, or the sequence of positions from 9 to 1 1 of CNP-22 as the primary amino 
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acid sequence of the endocyclic domain of CNP, was important for the development of the cGMP 
producing activity of CNP. 

Further, as regards the synthesis of novel CNP derivatives, the present inventors found that CNP 
derivatives exhibiting a stronger cGMP producing activity than CNP-22 or a-hANP could be constructed by 

5 replacing part of the amino acid residues in CNP-22, CNP (6 - 22) and [Leu10, Lys11, Leu12] a-hANP (7 - 
28) with unusual amino acid (non-native type) residues. 

On the basis of these findings, CNP and its derivatives that exhibit a strong cGMP producing activity 
and Cell growth suppressing activity against vascular smooth muscle cells are anticipated to have utility as 
very effective therapeutics or preventives against diseases such as restenosis and arteriosclerosis that are 

;o caused by the abnormal growth of vascular smooth muscle cells. In this connection, it should be noted that 
among the derivatives synthesized in accordance with the present invention that contain unusual amino acid 
(non-native type) residues would probably exhibit resistance to proteases in the living body (in blood and on 
the surface of cells) upon administration in vivo. Therefore, those derivatives, even if they have a lower 
cGMP producing activity than CNP-22 or <T-hANP, would be characterized by a longer blood half-life than 

73 CNP analogs free from unusual amino acids, and, from this viewpoint, too, those derivatives are anticipated 
to have industrial utility. 

Claims 

20 1. A novel peptide represented by the general formula: 

(A) - (B) - (C)-Gly- (D) - (E) - (F) -Asp-Arfc-Ile-Gly- (G) - (H) - 



Ser-Gly-Leu-Gly-(B)-(I) 



and a physiologically acceptable acid addition salt thereof; 
30 where 

A) represents H-, H-Gly, H-Lys-Gly, H-Ser-Lys-Gly, H-Leu-Ser-Lys-Gly, H-Gly-Leu-Ser-Lys-GIy, H- 
Ser, H-Ser-Ser, H-Arg-Ser-Ser, H-Arg-Arg-Ser-Ser, H-Leu-Arg-Arg-Ser-Ser, H-Ser-Leu-Arg-Arg-Ser- 
Ser; 

(B) represents H-Cys or Pmp; 
35 (C) represents Phe-, pCl-Phe, pF-Phe, pN02-Phe or Cha; 

(D) represents lie, Val, Aib, tLeu, Gly or Leu; 

(E) represents Lys or Arg; 

(F) represents He, Leu or Met; 

(G) represents Ser or Ala; 
40 (H) represents Met or Gin; 

(I) represents -OH, -Asn-OH, -Asn-Ser-OH, -Asn-Ser-Phe-OH, -Asri-Ser-Phe-Arg-OH or -Asn-Ser-Phe- 
Arg-Tyr-OH; and 

the symbol " * represents a disulfide bond; provided that 1) a-hANP, 2) a-hANP (7 - 28) and 3) 

CNP-22 are excluded from the scope of that general formula. 

45 

2. An agent for suppressing the growth of vascular smooth muscle cells that contains at least one of the 
CNP analog derivatives as an effective ingredient. 



Claims for the following Contracting States : ES, GR 

50 

1. A process for preparing a novel peptide represented by the genera! formula: 
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(A)-(B)~(C)-Gly-(D)-(E)-(F)-Asp-Arg-Ile-Gly-(G)-(H)- 



Ser-Gly-Leu-Gly-(B)-(I) 

and a physiologically acceptable acid addition salt thereof; 
where 

(A) represents H-, H-Gly, H-Lys-Gly, H-Ser-Lys-Gly, H-Leu-Ser-Lys-Gly, H-Gly-Leu-Ser-Lys-Gly, H- 
Ser, H-Ser-Ser, H-Arg-Ser-Ser, H : Arg-Arg-Ser-Ser, H-Leu-Arg-Arg-Ser-Ser, H-Ser-Leu-Arg-Arg-Ser- 
Ser; 

(B) represents H-Cys or Pmp; 

(C) represents Phe-, pCl-Phe, pF-Phe, pN0 2 -Phe or Cha; 

(D) represents lie, Val, Aib, tLeu, Gly or Leu; 

(E) represents Lys or Arg; 

(F) represents He, Leu or Met; 

(G) represents Ser or Ala; 

(H) represents Met or Gin; 

(I) represents -OH, -Asn-OH, -Asn-Ser-OH, -Asn-Ser-Phe-OH, -Asn-Ser-Phe-Arg-OH or -Asn-Ser-Phe- 

Arg-Tyr-OH; and the symbol " " represents a disulfide bond; provided that 1) a-hANP, 2) a-hANP 

(7 - 28) and 3) CNP-22 are excluded from the scope of that general formula by a chemical "solid- 
phase" method or by recombinant DNA techniques. 

Use of a novel peptide obtainable by a process according to claim 1 for the manufacture of an agent 
for suppressing the growth of vascular smooth muscle cells that contains at least one of the CNP 
analog derivatives as an effective ingredient. 
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y, H-L e u-S e r-Ly s -G 1 y, H-Gly 
-Leu-Ser-Lys-Gly, H-Ser, H- 
Ser-Ser, H- A r g - S e r - S e r , H-A 
r g-A r g-S e r -S e r, H-Leu-Arg- 
Arg-Ser-Ser, H-Ser-Leu-Arg 
-Arg-Ser-Se r^U 

(B) ttH-Cys, XUPiiipS, 

(C) BPhe- pCl-Phe, pF-Phe, p 
NO2 -Phe, SfcBChaS 

(D) BI 1 e, Va 1, Ai b, tLeu, G 1 y, 
XBLeu, 

(E) BLys, XHArg, 

(F) BI 1 e, Leu, XHMe t, 

(G) BSe r, XBA1 a, 

(H) liMet, XBG 1 n, 

(I) B-OH, -Asn-OH, -Asn-Ser- 
OH, -Asn-Ser-Phe-OH, -Asn-S 
e r-Phe-Arg-OH, SfcB-Asn-Ser 
-Phe-Arg-Tyr-OHSSU HKjS* 

a-hANP, 2) a-hANP (7-28), 3) C 
NP-2 2»<. 

2] CNPSHHflc^yFa^riEfl-tf*^ 

mmmmmmu 

[0 0 0 1] 

Sfc*U<ttCffl*bU9A«R'WF (HTCNP 
tBST) CNPRtfCNPW»# 

SWT, CNP««#^?Ffctt IHfefcHU fcE« 
Lfcit^ CNP-22, thCNP-5 3. 7*^C 
NP-5 3. *x;i/CNP, &tf~7 h'JCNPS** 
f6. 
[0 0 0 2]' 

#<fSjl£nT£fc„ cnSco^^FBttSsbT^b 



i-Asp-Arg-Ile-Gly-(G)-(H)- 



•J >> AfiJS^^g 1 F (natriuretic pep 
t i d e ; NP) fc*BftTV>a. f£fe£##S, «& 

NPt&ffifr^W^ (prepro ANP, prep 
ro BNP, prepro CNP) *6±^iStl 

[0 0 0 3] $dT. SftNPB-€-©£-&jSR|fr:ft&#; 

AUNP (A type natriuretic 
peptide ;ANP), BlNP (B type 
natriuretic peptide; BNP) 
20 RtfCMNP (C type natriuretic 
peptide;CNP) £©5-fe, ANP b 

BNPB*n-en-£>BJStfiK)9>6miBan&fc», a 

». ANPB^Btt^HJ^MOS^^F (a t r i 
al natriuretic peptide), B 
NPBff^HJ^Mijm^^F (brain na t 
riuretic peptide) tfeUf titlT^fc 

(Matsuo, H. and Nakazato, H. 
Endocrinol. Metab. Clin. Nor 
th Amer., 16, 43, 1987;Sudo 
30 h, T. et al Nature, 3 3 2, 7 8, 1 
9 8 8) . UfrU *©ft©5F$STANPBiwB©#» 
6TflKT?feS4$nTHSrt, £ftiR*, BNP B 
flK©*!5:e.T^I»T ! bS4SnT^5Ci^Wt5T#fc 

(Ueda, S. et al. , Biochem. Bi 
ophys. Res. Commun. , 149, 105 
5, 1987;Aburaya, M. et al. , B 
iochem. Biophys. Res. Commu 
n. , 165, 87 2, 1989), £&, ANP fcB 
N P BVif tit) in vivo S4T?RS*©a«Fft^ 

nfc. K±cE>!ii*5, sfcANPtBNP Burnt 

't-li^6jfil' : ( : "x^iSSn?.*;i/ ; 6>i:bTi!i< t*K, 

iwseaiH^tUTfefHftb, ^©ti^samfiiffi© 
enrv^. 

[0 0 0 4] -J, CNPBANP, BNP«<il3 

©NPfc^ssns^^FT, cnec^^FBcr 

€fco *fflfc^$n&CNPB2 2 7=/$3SSJ;D 
&SCNP-2 2iCNP-2 2©N-*S8fc:3 175 



/»aai«i#jnsn&cNP-5 3-c, znzo^??- 
m»m%79mz%mi<n. tmwm^Mz 

IStltc, ^JHfc*^TCNP-2 2tCNP- 

5 3ttRan*#ftUTW«!:t%ii6*fcSnfc (S 
udoh, T. et a 1 . , B i o c h em. B i o 
phys. Res. Commun. , 1 6 8, 8 6 3, 
1 9 9 0 ;Minamino, N. e t a 1. , Bio 
chem. Biophys. Res. Commun. , 
170, 973, 1 9 9 0) . ^O^, CNP-2 2 
■ CNP- 5 3fcftjfcTS:7*CNPa£T&tfcDN 
AHfiMMZtU cn6©*«fa>6CNP-2 2atfCN 
P - 5 3 ttVimftSaiW**^* (P r e p r o 
CNP) ftZSi-fZCtiim-zfc, $&, ;cpre 
pro CNPftANPatfBNPfil^W^ (p 
repro ANP, prepro BNP) tBDfS 
3S»fc*a-3TV»*!:i:«t«-3fc (Taw a r ag i, 
Y. et al. , Biochem. Biophys. 
Res. Commun., 1 7 2, 6 2 7, 1 9 9 
0) . 

[0 0 0 5] £fc, 7*CNP«fi*0)J|Wfc«*. 5 
y KCNP cDNARtft hCNPttfiT^liSn, 
5*;HfctfthCNP MB** >/1 * 0«fi*»!H 6 * \Z 
StlTSfco CCDlSft, CNP-2 2 B^, t F- ■ 5 
«r hrrtTH-75/«-*B?Ut«T«i:i, CN 

p - 5 3 is.?*? £7 y h^-7s.ym-'Mmn^m- 

t, SSfc. CNPBANP • BNPtBgfcD, <M8 

Tttg^sti-f , jB-fl*awfc*4*nT^5 z. turn 

•ofz (Ko j ima, M.. e t al. , FEBS 1 
etter, 2 7 6, 2 0 9, 1 9 9 0;Tawara 
gi, Y. et al. , Biochem. Bioph 
ys. Res. Commun. , 1 7 5, 6 4 5, 1 9 
9 1) . W&.-CtetlX.JVmt-VbVfrZ'bC 

1^0 2 - 2 3 8 2 9 4 : #H¥ 02-2 3 829 
3) . 

[0 0 0 6] CfiDftfc, aftCNPB^ra.»*©*&5 

t, mRtfffi®mizh&&LT^zz.£mmnT 

Sfc. btf»U CNPONPfcLTateWMMfc^ 
TttWIfcaa**!*." rato-B. CNPB*C073y* 
-5fcEW3?»ANP»tfBNPt*HKbr*0, Sfc, i 
n vivo HJ 5[ flKfft8Rtf JfofflTFfP 

b, CNP©^-HJ9A«J8flEffl»«JllflEPITft5fflBA 
NP • BNPKJt^SKPVs^i: (1/5 0-1/1 
0 0) . *&, CNP©S*iia$W5ANPRtfBNP t 
Bg&DfflSK&SttT^SJiifrS, CNPBNP7 7 



[0 0 0 7] tC5T, *£T©WSfW»6NP©llilEP* 
TftUSUffiB, NP*Jjfat¥fiMflSffl^Mti¥ft1-2. 
NPUt^-l;^t5utl;J;D«ficGMP 

(•y--fi"jy^^7y-» ; Ey7*X7x-h) &±# 

S*, £©c GMP*5NP»ffllSrt-k*>H^-y-t:>>' 

*-ti/tfl»u MimzmmLtt\%mz.t£% 

ffliS (VSMC) fcNP£ft^£it£tSiJ§ficGMP 

10 6B*iE. CNPSVSMCtffffl$*fct^5, 

fc£bCNPBVSMCffl»j§l*lcGMP£ANPS;fc 
BB N P t jt'«*ffififi< ±#S*S C tfcjLHiEbfc 
(Furuya, M. et a 1 . , B I och em. 
Biophys. Res. Commun. , 17 0, 2 
0 1, 1 9 9 0) . ClfflJltB, CNPfc.fct)^Sn 
fccGMP fttV SMCfc*ViT&«*K:jlilfl36BfPfflO 

<, ffi©41!ftfflf^©*^x-*-tbTlltgbT 
V»«i:t*3R«l/TV>*. :©jiKBl/Garg«tt. 
20 -hny;|/yF, S--t-DVN-7t?M^y7S 
^©jfofSfogiW, 7yhVSMC«DSfc*ViT, ffl 
l&^&fflfii<N-3;rt, S6fcHC*i:8-^ntcG 

= h'J H (NO) 55>#;HCJ: 

DTOStt&cGMPteJ^TllSfiESftSitttL 
(Ga r g, U. C. e t a 1 . , J. C 1 i 
n. Invest., 8 3, 1 7 7 4, 1 9 8 9).* 
fc, K a r i y a^FB, 5h'y F±»iMft:*©ifiLli¥?i 
IMHBMSfcSWT, ANP*»ll*rtcGMPSE£«t 

(Kariya, K. et al. , Atherosc 
lerosis, 8 0, 1 4 3, 1 9 8 9) . ;n5» 

*ftBv»rnt) c GMP*»jiiflf¥*tt«««iftffl«ais 

WATT * ;* x -r X-? - t bTfl H T V> 5 C t £41 < m 
®bT*0, CNPfc^DHESn^cGMPfe 

tw«UTV»*. L*Lfc*»6, attCNPMWl 

[0 0 0 81 -J, ^TCNPtt^WS-Slfr&fc* 

jfrC, NP©H3l£3:?©M-f > (S^N-*SH^ 

fr, CNP©«^£ANPRtKBNP©^ftSiJ±«:T 
-St, CNP BAN P S&BB N P i«TfcSE"<SjSW« 
a*oTV>5!lt*nWa (HI #88) . -f&fci-&, CN 
P©73/»-*E?9B, W-MF^-f^BA 
NP*fcBBNPt£<SfcD, gll*lF;>W>T 
Bl 7 75/KgSSffl5SANPitt5g|g> BNP t 
50 B4lM&oT^5tiffl*. £&, CNPOM 



(4) 



16 8 8 



C F *4 XDMMU AN P S&ttB N P < 
CNPtBANPS&BBNPfc#ft1-* t a 

i mawspftL-ftw (an p ■ bnp©#&, mm 

3ft©C-*SHBIfcANPT?5fia, BNPT6& 757 

Ma««#insnT*D, ii©«ii6SiBi:«fct a 1 1 

SjttPpiO . R±l^£CNPi:ANPS&BBNP 

t©«a±©av>«t, irisbfccNP®#^««a^ 

gftCNP©£©F*-f >*B6, £&, £©737$- 
Mi«CN P ©3gV> c GMP«4ftttt*SSH4LT 20 

[0 0 0 9] 

SMB. ST»-t, 3ea»»6*»snfcCNPlc» 

js s n« * ^ H*»jtt ¥»»**«»©««saiiiifr 

5!5»S^SW6*>fraci:T»S. ffinfc, CNP© 

ttX*S*CNP±D3IIWcGMP*ft«Ht*jSf«fa 20 
T, 3e***CNPRtfCNPW»#©BaUitl/TO 
[0 0 10] 

[i»^£*^t*fc©©¥a] *38«*«tt, srjB- 

©KHSW6*K-rs*fttLT, CNPdtjfilJftfctt 
PDGF (Plate Let, derived gro 
wth factor) T*ttL&5 ? r«jMPFiM58 
«HB«!>pNA*rt*jlMlfr«*ffi5»ftl|^fc. 
rORBftSjS-rsSifetUT, ST, a-hANP 50 

# 1 : CNP-22XU f « -hANP<7) 1 jRISfcTfO 7 V- Y 



iSSntl^) iCNP-2 2ffl7 3y^E? ; iJ©-^£ 
*£V»teAtt**.fcOTWitttf CN P - 2 2 ©Sfl-N- 
**HjW>S»£lxfc«*ft*f&fcU CNPfc#® 
W&»V5c GMPS4fiHS55RteCNP©£OH^-f> 
*&B73/^-^a3^M4l/T^S^Sattfe 
fc. Sfc, I^RftcNP©WI3ffitt!®Stiesi£feg/>ffi 
tt«8SW5*fcL&. £ft6,CNPi§g#:©- 

t&TS £ £:T\ CNP.fct)3S^cGMPB±ffitt> 
D N A^riEESfiHt ft** 5 CNP 
JBHOIWfct3V»Ttt, *^BJfe^»^-STte:fJt3TV5 
5CNP ©£3fMlfttfa* ©*S6ftl»©**r* 698 6 

NPS§^#:©E^p a D ibT©fiJJl^SSA#:e5C^b 
fc. 

[ooii] Rmttm 

jdt#!l-2C»Ufc*at«V», CN 
P-2 2&tft hCNP-53 (hCNP-53) #5 

■yhvsMc <Dfflm%m®mz>ft&ft*m'<fr. c 

©iigjg, 02, 03&tf04CSTJ;5lrCNP-2 2 
&tfh CNP - 5 3BH"fn"bffl»fe5fiFWtra8Sffl» 
ST77bV S MCODN A"&jfc«MW* C t ««fl-3 
fc. Sfc. C©^ffl©»Stto-hANPfcJttlOfflf 

jtfcEijWlbfc. S6lc*i(c^-rJ:5ic:, cnp- 

[0 0 12] 

[«1] 



(xlO 3 cells/well) [% ziyYu-)V] 







20,6 


± 0.2 


[100] 


CNP-22 


•5xlO" 7 M 


15.0 


± 0.3 * 


172.8 ± 1.1] 


«-hANP 


5xlO" 7 M 


17.1 


± 0.2 ** 


[83.0 ± 1.3] 



tl^Wiift^L/: (n=12) 0 
* ; p<0.01, Student's t-testfcT&ttftK^*^* f o 
** ; p<0.05, Student's t-testCCttli-fi&tC^rftSlab 0 „ 
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7 

[0 0 13] K±©Ct*>6, CNP (CNP-2 2, 
hCNP-5 3) B5vbVSMCfc»U ttUKJBffttl 

SfflJfiif StWiWfPffloaS c GMP©««d:©IBI 

t; BiE © ffi HMi&tftj«3i t t v> s c t m\ i it m 

4) . 

[0 0 14] &fc#»9I#*tt. HTfcSt*«Hcffi 

5/«-*E5IIICJS^<i6>ft«^fc. WiELfc<fc5t', 
CNP-2 2<to-hANP©fllji&aW.N-5R«H^ 

itSf-St, CNP-2 2Ba-hANPtHTSt 

ja^aot^5.(Bii#flg) . .-r&fc-&, CNP-2 
2 or a /»-*B50taaw-N-*s» p^-f >t?Bf< 



#W¥ 6 - 9 6 8 8 

5 

(CNP-2 2©9fta-f-», lOft'Jy 
>, llfiD<-», 1 6ffi-fe'J>Xtfl 7tt^^= 
>«S. fc£U cn6<D3»tto-hANPfc*V»T 
(1 fn^niOfi^'JyX 1 12 
ft* 1 7{475^>RtXl 8S^;l/^3>^ 
XtC^jSTS) tfg&S. CNP-2 2KBO- 

hANPC#fi-f5SS^C-*JgH^'f 

C:n5©*lj6ffla^*tCNPtANPt© 

aiafpffloavi «wcvsMcfcjrr*cGMPSis 
[0015] *z-v%-f*%$i%m$, cNPtwas 

75: c G M P CNP©i*©H^-T ^SliglcS^ 

[0 0 16] 
[S2] 
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#H¥6 -9 6 8 8 




[0 0 17] S-f, a-hANPOl^C-«F/l' 
>fe*Slx&RW#, CNP-2 2 ta-hANPffl§ 
H/-f>fc*SV»»5*AfcBJW(s &tfCNP-2 2 

2, 1-5), cn6W»#OcGMPSft«Ht&5V» 



JO UBOUU 



P-2 2«DiRrtF^>f>«jfiSrrSfl»fr3 > 4, R 
tfCNP-2 2©aWN-5ft«H^-f>*Bab&ll* 
#6ttV»-fnfeCNP-2 2iWa«03iWcGMPa 

[0018] 
[«3] 



11 12 

H3' wmm<n±mm& 





, ! > 


2) 






cGMPj££-£1± 








<r-hANP 


58 


1 00 


CNP-22 


n 


$21 


I 


IT 


62 


2 


!! 


147 


3 


ST 


667 


4 


ST 


6(3 


5 


IS 


616 


5 


IS 


344 


7 


NT 


413 


1 


HT 


13? 


3 


ST 


707 


1 0 


ST 


653 


i 1 


NT 


71 


1 2 


NT 


273 


! 3 


NT 


58 


! 4 


17 


23 


1 5 


72 


553 


1 S 


NT 


688 


1 J 


NT 


233 


1! 


NT 


333 


13 


NT 


38 


21 


NT 


433 


21 


NT 


543 


22 


NT 


160 


23 


NT 


NT 


24 


NT 


713 


25 


NT 


785 


25 


NT 


255 


2 7 


NT 


523 


hCNP-53 


71 


458 


pCNP-53 


NT 


524 



i) pdgf iiHsM)nm%.itcnm<Dmm\ 

I fill T'COStfc (2flllfMl/<lfllllcilli)C^t41fcgttt*»fc. 



[0 0 19] -J, o -hANPCDilW-C -*«H^'f 

mK.tz.wm 2ttd-hANP mmmom^ cgmp 

[0 0 2 0] fiUOEifre, CNPCD3fiV»cGMP]S 
4JSttfo CNP-2 2©St«F>W>*HiK:a6:?V>T 
WSEfcflSW-afc. *fc, MMSlCtt, CNP-2 2© 

GMP^SttS^SaVitt^flJD. CNPOcGM 
• P«*fittR:B81-S«/NfHHPIjfil3ai«CNP (6-2 



40 3) BitfeSSftfc. 

[0 0 2 1] CNPCcGMPl4ffiM:> 
CNPoaft^-f>75/«MI«)56, i*©75/ 

"Cfc. C-OfcftK, tfCNP-2 2^I$t»tL 
T, B-hANPtBSaSCNP-2 2©«rtl«^-f 
>57S;ilS OfiD'f^x'lOfi^X 11 

ftn-f^x i 6ffi-te'j>Ktfi Ttt^^r-^Sffi 
ft, fnfnMtsa-hANPcysyiii (1 

Oft^'J^X 1 lfi7Mr>, 1 2$L*tt->> 
50 1 7f75->Si;i 8&^7I/^5» iCg#mAfc- 



(8) 



#§S¥6-9 6 8 8 



13 



14 



S£B&# «2, 6-10) £#SL, ^nSCcG [0 0 2 5] ST, CNP-2 2©9tt 

MPg±gttSit&. *3iC^1-J;5fc, n-f2/>9Sfc*gU CNP-2 2£S*#&iLT 



ftfcMU CNP-2 2C09, 1 0 Rtf 1 1 (St 2, 2 0-2 3) SffibL CNP (6- 

6, 7, 8m>Tft%CNP-2 2tJfc'«flHfc&t4£Tl/ 2 2) 5 L-T. 6fi->Xf-f>SSS^> 



[o o 2 2] su© cnp-2 2©9{fcn< =>astitjftbfc!iw#, srA 6&&r;7(4&-en 
i offi'jy>3Styi lfirn-fj/^S^CNP© jo ^n^>^->i'D^;v*^h^'Dif^--;i/&iy;p-^D 

c GMPl^ttSI^Cag-rfeS^t^Jofe. n-7x^;i/75->^ST?|BMt«g|L.fc^#:S-& 

L-fc#S, St 3 5 98 5 t£, -3SSS$#: /SLfc (St 2, 16, 17, 18).S6fc, [Leu 

(6, 7, 8) TB^Tttt>ffi£©ffiTB+#T&Vi II 1 0, Lysll, Leul2] a-hANP (7-2 

t*5, ffttfca»aaStt*-^*T?t33tt<, CNP 8) £S#f#£LT, 8fi7i^77->§i£p 

- 2 209*60-1' ->X 10fiijy>SftBllfin-f -i7DO-7x:=:A<75:=.>, p-7JWD-7i^;|/ 

v>^S©5^V>Tn^2SS£(±TfffKSnTV^C: 7vr>, p--hD-7iz;V75nX fcSWJS/ 

[0 0 2 3] *tCNP-2 2©9tta-f J/ (St 2 . 2 4~ 2 7) . *&, £tie>R£#©c GMP 
X 10fiU-7>, 1 lttn-f 3/ 6 

asns^sMMM* at2, n~i3) , 20 [0026] *3at«rj:3fc. sr, c 

(12, 14) SfisKL, m&CDcGMP^ NP-2 2*3fcMM»tr*«W#THU 2 0S«2 1 

±mmm^k. to«i«; *sc*f±3fc, a» *scnp - 2 2 ieiSHMfflSftsstut^j^ 

*lfc#14T!»^23 0ffitt#a^l/fc. £&. fc. CNP (6-2 2) £S##»fr«B*# 

»«M*ttV>rntWEUfcH8»«ft»J:DS1fei«a Tfit 1 6*»CNP-2 2±03tV>Sit«»rj:fc)JSM 

6CfiTbft. **T!"bl 1R«1 3©fiHtfiT»4fFb -afc. 2 51:, [LeulO, Lysll, Leul 

K £h&©iSWr#&, CNP-2 2fflSH*3F;W>7 2] a — h AN P (7-28) £S##&iT5^g#: 

57K-&E0JT?9*fcfeSl lftSrC©E^ T&foS T?B, 1 5, 2 4, 2 5Rtf 2 7 ^Ttlt) o - h AN 

Leu-Lys-Leu^CNPfflcGMPitjgfil Pfcit^4~6^WS1££SLfc. &#T?t>, S§^#: 

atMTiSttlWItJt. t©CltB. H^a-h 2 4RI>'2 5 OffiftiiCNP - 2 2 ± DHHC fctft*h> 

anp©io, i l&tfi 2^75 /^sa^n^n so t. 

P-TvX Uy>, U-f-»SStS:«lbfcHSSm» [0 0 2 7] £ne>©*S*^&, CNP-2 2, CNP 

{$1 5#CNP-2 2£&K|^gg©3fiV>cGMPg4 (6-22)M [LeulO, Lysll, Leul 

ffitt&Stdfc#&fe*#»5ft;fc. *&, SfUBLfc* 2] a — h AN P (7-2 8) 0-gB©75 /MISS 

»1S*#6 CNP-2 2©9&&>S 1 l&£T©33iS &3T73 / & (#35*8!© BSCtt&TS C £T, CN 

©fc#T?#fcfig&giS£jf«T&£fcBKlA>#. - P-2 2£5V>Ba-hANP<fc03&^cGMPg£J£ 

6 t~^Sgm#: 11,13 B^Tttfc c G ttS»t«»#S^«-p#4 - fctfCRIo fc. 

M PStSttj^O^RZfcj^Wfefctett^ffiv'i C t [0 02 8]te C N PRZfC N PfS*#©B*fi^ 

»V»»*.nii, ANPtCNPOcGMPS41ffli ¥»)B»UBfflft««»fciSHT5«JB««a'«f«ft*nT 
B, CNP-2 2<D9ttn-f>>«ait*ttM-*o-h 40 v»5. flAtf. S»M©ff»*!iB&S««BiSI»K»J« 

ANP10tty»js/>»<WIV>39>64D*i«fe*n IK (PTCA) fc#5&bfc*£©»3 0%I34U E 

[0 0 2 4] *fc, *»99^Ptt, #5SWT?W6tf>fc3 MJS©£^5BT**£fc#*]&nTV>S. 

nfc»S,R«^ST?KANP©*Sffitt*BH©1iffS(BTr9l tH«aH»'jlB»R/ , C'f^X6:£S^-Je>»fi$h&a 

6*»fcanT^Sfll5. M i n ami t a k $©]fo^t>3rf SEiri^SnT^S. sfS 

e, Y. e t a 1 . , Biochem. Biophy ¥Mffi©«»B&lWt£©g#©JfaiSTt> W2LBJI 

s. Res. Commun. , 1 7 2, 9 7 1, 1 9 9 HflSSttTHS. U*b&**6, ^£-J?K:;ift£>lM?¥ 

0) SE^ffllc^x, 3Q»S*NP (ANPSEfcttCN ^©»JtteiB^*«*fc»b«fta:JWfliltt*W« 

p) <fc03fev^cGMPS4«ttKrXDNA-&^Pi^tt sivcfeeT. Sfc*©HSS*sa*nTV»*. 

«#TSCNPK**©fi*£tt*fc. 50 [0 0 2 9] *58Wfc*HT.' CN 



CNP-2 2©1 6&SSl#:9i:l 7fig^#:i 0B, 



9fin<>->^S&'fVD'f A*y>, a-75 7 



7 67 1 -)l/7 7^>M£p-?nn - 7 i^)l/7 5 
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(9) #B8¥6-9 6 8 8 

15 16 

6*tb3fc- S6fc, 30»a*ANP*fcBCNPAO FOjWfflil/Tt, **V»B*OSia*tt 

flit [0 0 3 4] *^HJC|BTS^y5FFfeU<tt-e©^a 

[0 0 3 0] K±*«-&WC#ASt, itof^fifffiftt ^W£ff§3n-5KfMP*iB, ^ao^s^tifga 

t»u avicGMPjt^gtte^-rcNPatfcNP nsa#> naa3a/*ByBaifa:fi'&UT, ^^Htt 

«*#B, H»*Rt««aftft£jfc*¥llHMIB©* K*fc-»te«fl4ttTVi*«4>WS, -J-fcfc-SIHBn 

#ii«[*«jBBtaas«Ki»u. iwsaiwaisfctt^ jo s^a tswfts-s. &T$4&a 

Jil : ¥ttffiMia©SmtimS:^<W$iJ-r5ra:S?ie.^ PftiJ#y-A»$W4#'J73 H^iftfi^-TS^i 

fcBSE©«HH««»*Str6C:tS^»«bfc. bTSD^4TS^tfeBj|gT$.5 0 Sfc, £*f. ^ 

[0031] cNPffl*r»«*#*ai*^-r5 x^i/- sT^j*©#*wn-eftiajg, 

EfcfciD. CNPflDVSMCfc«T«cGMPB4ffi IR. STSt'OS»«1i!Sn5eWffi% 

ttKHra«/J^tt«ffittCNP (6-22) Tr^u Wr**. 

fc**V»«Ufc. 9Q»S*ANP*fcttCNPJ; [0 0 3 5] *5fifH©Eai«d5*©S^*B, «ft©« 

03ftV»cGMPS4iSttSw-4^HHCNP«SM*:©^jas M. *#0*Mk **©S*ftE8Wffl*&2K: 

KJS56L-&. SSfc, CNPStfCNPWM*. F3K -80 .fcoTfeSfcStf*, HRWfc 1 0 S 0 0 . 0 lmg/b 

^RI/MStefiiW^mffimcS^^JSHt ody~l 0mg/body©«HT?a#Rlffi-p*D. 

*««fiKljl*U ^ftj&aaiS&tt^lMltftDSS 0. 0 5mg/body~lmg/bodyCDlSHT& 

*V>Tlt JM*WMWIibTj|2«fcwbtCNPI| [0 0 3 6] *W«9ft*V»T#fc«E©ftV»7Sy» 

MCt»USftV?.cGMPS*Stt*^-rR*#©fP» fc, 

B, t-Ti'«3t^6^Mr$nTV^ffi©NPK®JS-t? [0 0 3 7] Asp: L-77>/t?*r> 

#5. Asp(OcHex) : (3 P^->;V7X/19^ 

[0 0 3 2] *^HJfcM-rS^7 P 5 1 HB, m, >n 

K&R. fegg, 0>HS, *5l>ttfll, 30 Ser :L-fe'J> 

mm, mm. n/\£Bt t>x>m^<DmmaM\z^wv ser (bzd :o-^>5?^-l— ty> 

#5. *»WfcP8-r*^^Hfl!)Witt. Pfittf Gin: L-dfJW3> 

»«VM»I^.DNAi (fcfc*U^«7 G 1 y : 

5>iBMI**OWli»BiK) *fflV»Tff5Ci#»"P Ala:L-77-> 

ft1^&d5S©HRtt«»tbTB, tefls Cys : L— >Xt-T> 

^l&fMII *>A°^K©<b#I V fgllgl!207 Cys (4MeBzl) : 4-*?-)V*^?)V-L-i>' 

-4 9 5HJ 0WCflS*WA3', NWF-&j£©SSt XH> 

• ^Mfi*ffi*^J 0*l#> . Sfc 'r^^pir Met: L-*W=> 

37,HJ- 1 9 8 4, 2 2 9-2 3 4K, 2 3 5-2 4 I le :L-fVD-f-/> 

01, St):241~2 4 6I-IiSSj (SfiW^ 40 Leu:L-n-f-» 

fr).ftfi&t*!3, cn6K^«fe)W«Ke«SnT^ t-Leu:L-^-VtW-» 

So- Sfc, a*»*.DNAttKJ:5«iStUTB, W Ty r : L-?D-» 

AB'ra^»f^l 9 9 0, ge»»»»*Bfif« : PJ2 Tyr (B r Z) : 0 - 2 ^^W'/i* 

6 13-2 6 191, ffi&ft • *tt3t«*J (ftfiffl #=JV-L-^n3/> 

SD a«*D, tnfcatMMBMfeWfi«anTV»«. Phe : L-7x=*79=> 

[0 0 3 3] ^SgHfclWS*:^ HB, ±fBXEitta A r g : L -7;WF=> 

«anTV»*flS##J*ft.CJppT**bft. fftto*, Arg (Tos) : G- L-7JMr^> 

&m&h?Wc7$;MZkte%tm®BtlZ>Jj&-Cffi pClPhe : A5^nn-L-7x-;V75-> 

*(t*fTiffiIi£lSl/fcE Pmp : ^^j^n^l^t/h^ntf:^!? 

;U7w iHTSyiLfc. ,WEc*ft*trf6 50 a i b : 73 7-1- vmk 
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Ly s : L-'J5?> 
B o c - : t 

TFA : hiJ7^n|» 

NMP : N-^^t'nU F> 

DM SO : i^^MK^M^^F 

HOB t : N-t Vu^'sOVhVTV-ft 

D I EA : 5?-f V^ntJl/Xg l Jl/73> 

DCC : i^nA^i^ll/ftJl/^iMS F 

[0 0 3 8] iilf ^nvFT^^- 
ffift: ->>J*V;V6 0 F-2 5 4 (^;V^) 

Rfl n-79/-)V:im: KU5*>:#=4 : 
1:1:2 

Rf 2 n-7j?J-fr:%m: tf 'J v> : 7jc= 3 0 : 
2 0:6:24 

K:mC-6A->XfA 

: YMC-P a c k A-302 OD 5 4. 
6 <f> x 1 5 0 mm 

SBRgft : .1 8..% CH 3 CN/0. 1% TFA* 6 
60% CHa CN/0. 1 96 T F AST© 3 0#U 

*|g§: B475y«»iBf«8 3 5M 
[0 0 3 9] 

otdiffi' 

1-1 \.cGMB&{m&(Dffl%. ■ 

L*fl:fif«0±HSttftH I r a t a 6 
(Biochem. Biophys. Res. Comm 
un. , 1 2 8 5 3 8, .1. 9 8 5) , RUS carb 
oroughS (J. Biol. Chem. , 261 
1 2 9 6 0, . 1.9 8.6) <Djjmzffi.-oXm%.\sfr, 

TV SMC tiSf) 10-9~10-6M©a 
- h AN P, ]KM7'? 1 F£VSMC£&t;:'1'>+:i^ 
-FU glfflbfecGMPSS. cGMP7-^A; 
7 'y-fc'-f CTSfet/fc. a - h AN P lZ£«ft*5Jfti 
£ 1 0 0 % £ U S-^T^ F©ibtKJS$£2fc©S'f4© 

[0 0 4 0] 1 - 2 : «it56«Mfifttc7)SlS 

MBVSMCftJBWTKa r i y 
a ^©^ffeK^ (Atherosclerosis, 
8 0, 1 4 3- 1 4 7, 1 9 9 0), [ 3 H] ?S.P> 

lit. »±mizmmzikfiM&&i%M%& 

5Wi20ng/mlBPDGF Qil/h&fiJ&SftH 



(10) #PJ^6-9 6 8 8 
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TP) SFfiET, £&#£Sn;l3 7tHCT14P#W<>*a 
Jfcfc, Hffl»»fc3 7kBQ/ml© [ 3 
H] 5 1 S^>tin^-TS6t4B#W'f >^a-<-hb> 
E©IMMBl>3lcK0&*ftfc [ 3 H] ?5-7>SS«te 
bit. #»#©DNA£jSIB«Stttt'<:/?H##«T 
tl Kjlllt*«WBPDGFO**lnA3ti*CD 

[ 3 hi v>©®oa***i o o%tu ^tit 

tit. CNP-2 2iCHLT«. VSMCS1 

JO %]fiifit3HST. CNP-2 2S5^aa-hANP§jJD 
*4BHM*U i&*ffJW*/gfrV«HfcHfc*.fe. - 
tDjgMSll^t. 
[0 0 4 1] g|»D2. CNP^j^tg 

7°^ 4 3 lSfcE^Bfll&fcTffrfcLfc. 

ftg#l£ UTS? 2 twt-ft^» 2 £ 1 9 ffl^figS^'fo 
2-1 :it^m^2 ; 

H-G 1 y-Leu-Se r-Lys-G 1 y-Cys 
-Phe-Gly-Gly-Arg-Me t -As p- 
20 Arg-Ile-Gly-Ala-Gln-Ser-G 
lu-Leu-Glu-Cys-Asn-Ser-Ph 
e-Arg-Tyr-OH {rJX)V7>( HH) ©£fi£ 
0. 7g (0. 5mmo 1) ©B o c -Ty r (B r - 
Z) -0-CH2-PAM<SJ|J:Dffi»U 6 0%TF 
AiCiSIKBoc, D I EAiCiStpfU, &U*DCC/ 
HOB tfcJ:**«73/M8*«J«fc»?>KU *5 

2. igcfi^y?H»m ^©fe©£A°5 • 

£W-JV3ml) #ftT, -2"CT?6 0«-|H, HF 
(17ml) SJSLfc. »^7°?F*5 0ml ©TF 
50 ATfl&ffl&ffi&SU X—rJU&fl]*., 8 0 0mg©fi^ 
T^F.Sfcft. £©%©£3 2 g©fflfP>>W7*te»*» 
U 7xUv7>ft*'J7A (14 7mg, 44. 8ji 
mo 1) £^t?IS?D7V-7* (2 8 8ml, pH7. 

4) ttiurF, wtl&. «rr*Ta, 

TpH5tlfct, IN AcOHT¥ii'ft:LfcAG3 
-X4A (10ml, Cl-S) £, HP-20 (15 
0ml) ©ai8*5AK:jSJnbfe. IN Ac OH (5 
0 0ml) T&im HP- 2 0t£®»lx&^7'? 1 F£ 
80%CH S CN/1N A c OHT'i^iHiLfco 

(7 5 Omg) 
[0 0 4 2] 

(CM— 2 S W, 2$xl5cm) fcSsJuU 
0. 5M NH40AC (pH7. 2)^©6 0#ffl© 

iftii&O. UTFATWtLfcfffiC 1 8A5A (Y 
MC-Pack D-ODS 2*x2 5cm) l:SJp 
U 30%CHa CN/0. 1 % T F A* S 6 0 % C H 
3 CN/0. 1 %TFA^©6 0^f B 1©'J--t^5i'X 
50 >b*W* 1 Oml/mi nTjgfflS-B-fc,, 9 7 %& 



¥6-9 6 8 8 



±<0«SSfe^H»fi*». 8M8«*H 5 Omgcog 
65* (2) **Jfi«'tS^S, 19*B<«© 

[0 0 4 3] 2-2 :fc-&«3#^l 9 ; 
H-Gly-Leu-Ser-Lys-Gly-Cys 

(Me) -Phe-Gl y-Leu-Lys-Leu- 
Asp-Arg-I le-Gly-Ser-Met-S 
e r -G 1 y-L e u-G 1 y-Cy s (Me) —OH 
©£j& 

CNP (6. Omg) ®*M9K (5ml) CyftXV 10 
-ih-)V (1 Omg) Sin*., 1 OJ^^^zkTp 

H8. 5 turn Sire 3 o^ifti trc, SMffiC 1 

8*7A (YMC-Pack D-ODS 2 * x 2 5 
cm) fcEfcttSISm l»Jl-ll:?C, CH 3 

ILT5. 7mg (2. 6 W mol) ©MtEUCNPS 
^©fe©&7K (3ml) fcfflP^U 1. 6mg 
(7. 3 limo 1) ©4-^hn^>if>x;i/*>K^ 
^**t»7-feh=h>J^«f«E (0. 5ml) S, ±B 

2(SIBSfifca»L-&. MOII^H 20 
PLC a«C18*7AT^FS»l 
U, 4. 5mgO@» (19) 

.[0 044]"., . ./ 

ic«UT, CNPttittWIMWiBR^U %v>ffl]ftt 

&, ClCDfpffl©aiSBa-hANPfcJt' , «l OffifUVsc: 
fc#fe#?fc. :<Oif«(OaStlificGM 

fcStlfco Jfcfc, CNP©ffiggttffiBICBIUT, CN 50 
P © c GMPS4flHttM1-*«/jNfitt*Hfi»3attCN 
P (6-2 3) 5T?*ac:tji«fc^t>fc. £&, CNP 
©StftF^^S/^-^ia^JTCNP^ 2©9ft 



^6 1 ie^T©i5^J (Leu-Ly s - Leu) ifiC 

n p © c GMPK^gtt^KiSBf-r *a c: tifitofr-o 

ft. 3 6fc, IWCNP LT, CNP 

-22, CNP (6-22) WfLeulO, Lys 
11, L eu 1 2] a-hANP (7-2 8) ©-$$© 

5ttTfCNP-22*-5V^a-hANPJ;0^c 

fc. ^±©^t^e, m^mmmm^u m^cG 

M P jt±Stt& 6 fcttfi*»»ffl«tt£*T C N P ft 
tfCNPSfgftti, W^&r/»MWt:?5:t*ifii , g¥ttffi 

*, *5fiWP^«UfcR3IM|:©«pr, H3T75/1E (# 
^fcSD aaS^Tt>*W»#tt, in vivol: 

^a?7— Klc#l/lS«ttftwrct)WA6n*. ft 

3t. cn&©«*tt, fcwcNP-2 2itBa- 

hANPfcft^tOc GMPg£f£ffi;W£TbTV»T 

t>. jk«c**MBttllirrsy««**awcNPWH# 

fcJ*^ft<fc«J:2:*s**.Sn, t©»ft*>6*H5a« 
[HMfflfSm^iKI] 

[01] ASNPv BUNP, stfcaNP-tn^nt 

[02] a-hANP, CNP-2 2CDNA^ES 
[03] a-hANP, CNP-22, hCNP-53 
[04] CNPfSW^T^FOc GMPStStttD 



813 



t h y 0 A*JKt 7? F7 7 5 >) - W-*f 



<r*i--»-*iita*Bssux:. 
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(12) 



#H¥6 -9 6 8 8 




(72)&w% m mm 

*Rj&=ft*»*«neiii# i ti i # i ^ 

(72) nm m m 

*Kff=ftWft*mem# i ti i # m 



*^=ftw»*i«rsii]# i tb i # i * 

(72)5S«# ft* H£ 

±KitK®*/MPM*5TS 5 -15-141 
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Dwarfism and early death in mice lacking C-type 
natriuretic peptide 
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Longitudinal bone grown is determined by endochondral ossiii- 
tatlon that occurs as chondrocytes In the cartilaginous growth 
plate undergo proliferation, hypertrophy, cell death, and ostoo- 
blattlci'eplacsment.ThQnatriuratlcpopiidefamilyconrTstsoftrireo 
Structurally related endogenous linands, atrial, brain, and C-type 
natriuretic peptides (ANP, BNH, and CNP), and Is thought to be 
Involved In a variety of rtomeestjttie processes. To investigate the 
physiological significance of 0)P in vivo, wo generated mice with 
targeted dlsruptlonof CNP {Upper'- mice). The Hppc'- mice show 
severe dwarfism as a result of impaired endochondral ossification, 
They are-all viable perlnatally, but lessthan half can survive during 
postnataldevelopmentThe skolotal phenotypes are histologically 
similar to those seen In patients with achondroplasia, the most 
common genetic form of human dwarfism. Targeted expression of 
CNP In the growth plate chondrocytes can rescue the skeletal 
defect of Nppc"'~ mite and allow thair prolonged survival. This 
study demonstratos that CMP acts locally as a positive regulator of 
endochondral ossification In vivo and suggests its pathophysio- 
logical and therapeutic implication in some forms of skeletal 



such skeletal abnormalities In ANP (A^/wJ-Oeflgienl mice (17) 
orBNP (%jft).deficieiU mice (18), indicating that neither ANP 
jtor BNP Is Involved in endochondral ossification under physi- 
ological conditions, Tn this study, we generated mire with 
targeted disruption of CNP (A/jpc - '- mice) and demonstrated 
th/if they show severe dwarfism and early dcalb as a result of 
impaired endochondral ossification. Targeted expression of 
CNP in the growth plate chondrocytes can rescue the skeletal 
defect QtNppc't- mice, and allow Iheir prolonged survival. This 
study demonstrates lliaL CNP is a bona fide endogenous natri- 
uretic peptide in Uie bone, where it activates endochondral 
ossification. 



There are two major mechanisms of bone IbrrmiUons, mem- 
I branous and endochondral ossifications. The former occurs 
when mesenchymal precursor cells diroelly differentiate into 
bone-forming osteoblasts, a process by which all flat bones are 
formed. The latter involves the conversion of un Initial cartilage 
template into bone and is responsible for the rurmatitm of long 
bones and vertebrae. 

Tlic natriuretic peptide system consists nfii fumily or three 
structurally related endogenous ligands, atri;il itiilrajretic pep- 
lide (ANP), brain natriuretic peptide (fiNP), and C-type natri- 
uretic peptide (CNP) (1), and throe memhrane-hoond receptors, 
two or which nrc Euimylyl cycla.se (CiQ-coupled receptors 
(GC-A artd GC-B) that mediate die bialngisiil actions of the 
ligands, and One of which is a biologically silent receptor 
(C-receplor) implicated in the mcmb'olie clearance of the ligandi. 
(2, 3), ANP and BNP arc cardiac hormones that arc produced 
predominantly by the atrium and ventricle, respectively (4-fi), 
and arc thought to play -important roles in the regulation or 
cardiovascular homeostasis, primarily through GC-A (7, 8). On 
the other hand, CNP occurs in a wide 'variety of central nnd 
peripheral tissues (9-32) and may act locally as an autocrine/ 
paracrine regulator through GC-B (7, 8), 

We have created transgenic mioe Ovcrcxprcssing BNP under 
the control of the Jivcr-specific scrum amyloid 1' component 
promoter and demonstrated thnl they exhibit blood pressure 
reduction (13). They also show marked skeletal overgrowth 
accompanied by deactivation of endochondral ossification (14). 
It has been also roportod that C-feccptor-dcficicnt mice 
(Npr3-i- mice) show skeletal abnonnaliiicssimilar to those seen 
la transgenic mice overexposing BNP (15, 16). These obser- 
vations suggest that natriuretic peptides can affect endochondral 
ossification. Tn this fiOntcxt, previous studies have revealed no 

I FNAS 1 Mjrth ».ZM1 | wi.sa I no. 7 



Materials and Method* 

CenE Targeting and Generation of Transgenic Mlqe. The 129/Sv 
mouse Nppe was isolated fi'Oui a 123 /Sv mouse genomic library 
in AFixII (Stratagene, La Jglly, CA). A targeting vector was 
constructed, in which extras 1 and 2 of the 129/Sv mouse Nppc 
that encode Uie entire coding sequences of moose preproCNP 
ware replaced by the neomycin resistance gene (Fig, 1«). The 
targeting vector was introduced into embryonic stem cells by 
electroporation (18). Double selection in G418 and ganciclovir 
produced seven homulugyusly recombinant embryonic stem cell 
clones that were uimlyy.od by Southern blot analysis with the 5' 
and 3' external probes indicated (Fig. 1 e and A), Male chimeras 
derived frum [to independent clones with germ-line transmis- 
sion of the disrupted allele were bred to C57BL/6J or 129/SvJ 
females. 

Gcncialirin or transgenic mice (Tg mice) with targeted ex- 
pression of CNP in the growth plate chondrocytes under the 
control of the mouse pro-i<|{Il) colleen (CvHuJ) promoter 
[provided by R. de Crombrugghe at the M, D, Anderson Cancer 
Center. Houston, TX (39)] will be reported clscwJicrc (A.Y., 
Y.K., H,C, T,M„ Y.O., and Kuzuwa Kalcao, unpublished ob- 
Karvnrirjns), _Thc transftene expression .was de l ected only in tit e 
chondrocytes^). T o perform genetic rescue or/v/^e-'-'miee, 
Tg mice were mated with Nppc*'~ mice, and PI offspriag 
heterozygous for the trimsgenc and foi'lhaNppc alkie ablation V 
were bred in generate Nppc~'~ mice with the iransgchc expres- 
sion (Tg/N/j/jq-/- mice). The care of the animals and all 
experiments were conducted in accordance with the institutional 
guidelines or Kyoto University Graduate School of Medicine. 



r mi <ubmitt.il wmavf n-rn* II) to the PKAS offiw, 
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HO. 1. Targeted disruption of tn» mouse Nppc. (a) Restriction maps of the 
wild-lypi; 129Av mouse Nppc allele, targeting vector, and the predicted 
disrupted allele, qojed boxes indicate e*onj (Mil). Lacatimo ul 5' and 3' 
ir« shown as hatched 9. SamMs S.Sphl; 5, JcpRI; N, Atoll; 
. « virus thymidine klmw gene; n. neomycin rciirunce gene. 

.^m blot ent.lyslj of genomic DMAs from fZ offspring with 5' and 3' 

prnbwiipon digestion with Sphl and BamKI, rwf*ttiv«ly. It) RN»s<-pr«tectlen 
analysis of Nppc mid Gapd transcript In the cerebRllum and tiwal epiphyseal 
eamiajc.Thc cerebellum and Tibial ej.rtff.ee. we obtained from mice ,t 30 
wwfcs and Y days of age, wprolvsly. Ten micrograms ana 1 M ot total UNA 
were Used w analyzo Nppc and Cj.frf twacripls, respectively, td) Cerebellar 
CNPconcentratlonsotaowctjICfof ogo(n— U.n,d, not detectable. «, P<0.03 



id Peptide Analysis, Total RKA was extrueted from various 
; rtom Nppc*'*, N[jpc*'~, trtiA Npp<;->* mice, h; Ihc 
id epiphyseal cartilage. Nppc mRNA expression 
was assessed by RNase protection assay. Ten micrograms and 1 
jig of total RNA were used to analyze Nppc and gljCcrttldohydo- 
3-phOSphiite dehydrogenase (Gafid) Irnrisoripis, respectively. 
^P-labclcd nntisense Nppc and Gepd riboprobes were generated 
from [i o'-rnpld amplification of cDNA cnds-base<| 129/Sv 
mouse Nppc cDNA fragment ami mouse Gapd cPNA, fragment 
(a gift from M. 13. Pryslowsky at tilts Albert Einstein College of 
Medicine), respectively. In other tissues, Nppc umj Gapd mRNA 
expressions were assessed by reverse trf.nscriplion (RT)-PCR 
and Southern blot analysis (Nppc: sense primer, 5'- 
AAAAAGGGTGACAACACTCCAGGCAG-3'; anlisensc 
' . 5'-GGTCtTTGTCiTATTGCCAGTA-3'; anlisensc 



CLONTECH; antisonKB probe, S'-GCCil'GAC'fGTGCCGT- 
TGAATTTGCCGTGA-3'). Cerebellar Cnp concentration!: 
were determined by :i RIA for CNP (9). 



mice were killed, skinned, cvisc&rated, and subjected 10 soft 
x-ray analysis (23 kVp, 5 mA for J min; Sortron Type SRO-MS. 
Softron, Tokyo). Bones from 7-day-olrJ mice were fixed in 4% 
paraformaldehyde in 0,01 M PBS (pH 7.4), decalcified in 10% 
EDTA, and embedded in paraffin, f IvB-niicppmeter-thick sec- 
tions were sliced and suurwd with Alcian blue (pH 2.5) and 
hcmatoxylin/eosin. The- slices were also analyzed for appptgsis 
by_ termiitaldeoxynueteotidyl triinsfcrasc-mcdiated deoxyuridin* 
iriphospliale-bioliii nick end labeling assay according to the 
manufacturer's protocol (Takani SUuztj, Shiga, Japan). 

BrtlUrd-Ubeletl C«lb. Mice al 1 week i>r age were 

injected ratraperitoncallywith BrdUrd (100 jsg/g body wrj.glii) 
and were killed 6 h later. Tibiae were fixed In 4% panifonruil- 
dchydc in (1,0) M PDS (pH 7.4), decalcified in 10% EDTA, and 
embedded in paraffin. Detection of BrdUrd-positivc cells in the 
growth plate was performed by BrdUrd labeling and with a 
detection kit II (Roche Piagno-slies), 

to Sim Hybrldiiatlon. Disoxijenin-luboied anlisensc and sense 
tiboprobeswero obtained from reverse triinseription-I'CR prod- 
ucts for Nppc, rat GC-B (nucleotides 762-1394 of rat GC-B 
cDNA; GtnBanlc M25896), mouse pro-ai(I) collagen {Collal) 
(nucleotide; 693-1139 Df Collal eDNA; GenBank M14423) and 
rat pro-ai(X) collagen (a Rift from B, R, Olsen tit Harvard 
Medical School, Boston, MA), mouse pro-«i(II) collagen 
(CoQal) (a gift from Y, Yamitda at the National Institutes of 
Health, Bethesdn, MD), and mouse Indian hedgehog (!Mi) (a 
gift from K. Lee at MassaehusettV General Hospital, Boston, 
MA) eDNA fragments with the use of a dir>oxigcnm RNA 
labeling kit (Roche Diagnostics). Tibiae from 7-day-old mice 
were Fixed in 4% paraformaldehyde, O^^glufiraldchyde, 1 mM 
CnCl; in 0.1 M phosphate buffer (pH 7.2) for 2d h, embedded in 
parsrfin, and sliced iaro5-ujn-lhickst»u'wi!>,/«i , ;m hybridization 
nnvilysis was performed as described (20). 



ill 



Statistical Analysts, Data arc expressed as means ± SR. The 
statistical sign iltcanosof differences in mean values was assessed 
by Student's f test. The difference in survival rates among 
genotypes w;is assessed by Kaplan-Meier analysis. 

Bosuns and Discussion 

<3«n«ratlon of Nnpt-'- Mice. To investigate the phy3iOl0gieill 
significance of CNF In vivo, we generated mice with a disrupted 
Nppc allele by gone targeting In J29/Sv mouse-derived embry- 
onie slern cells (Fig. )<i). Male chimeras with germ-lino trans- 
misxifm i>r the disrupted allele were bred 10 C57BL/(jJ and 
129/Sv.l remaics, and Nppc~ l+ mice (wild type), Nppc +/ ~ mice 
(hclern^ygrtas for Ihc disrupted allele), and NppT'~ mice 
(homozygous for the disrupted alloie) were obtained (Fig. lb). 
The Nppc mRNA levels were decreased by -50% in the 
cerebellum and tibial epiphysenl cartilage from Nppc~'~ mice 
relative to those of Nppc** mice (Fi £ , )c). Cerebellar CNP 
concentrations were also decreased in Nppc* 1 ' mice relative to 
Nppc*'* mice (P < 0.05. n = 4) (Fig. id). No Nppc mRNA or 
CNF was detected in the cerebellum or cartilage from Wppc~'~ 
mice (Fig. 1 c and d). The Nppc transcript was also detected in 
other tissues, including the cerebrum, pituitary, heart, kidney, 
ovary, and uteres, inj Vppc* 1 * micebut not mNppc-'- mice (data 
not shown). 

Analysis or 96 intercrosses between 129/B5 hybrids heterozy- 
gous for the disrupted allele revealed that the genotype raiio of 
+/+:+/-:-/- alw«i.iir. s (,a4wccbof ago) is 1.00.2.13:0.37 
(n = 648), indicating a deviation from the cxpeclod Mendelian 
proportions (F < 0.001 by y* lest), On the other hand, the 
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flg.2 Dwarfism and morality In nppc-l- mt<», <)) survival curves of NppC" (O), «ppf<- (D). and Wppr"'- [a) mice, (i) Gtajj appearand of «pp< 4 '* »nii 
«Ppc-'-nm B at1gw«to ? fi, ac ,(r a ndi#aov^^ (O).andWppc-'Ma)rni^.(c)Mates.(d)femjlM.(e)S0f«x-r»yoncily5isc.TWpp^' r 
" r ™.: ^<-mi« an o^ -» m („ * J J N«-> 3 ih-R.f«r«e*d I»ng«hf 



VU fifth lumhw wrlnhral length; CI, naso-occlptal length of the carvariurn; CW, m; 



genotype ratio of ■[-/+:+/-:-/- at 15.5 days post coitus was 
1.0:1,5:3.+ (t% - 65), suggesting that mite sire not 
cmbryonieally Utlhiil, More thai) hall of Nppv'1- mice diod 
befprp weaning, and only 30% survived til. 300 days of age and 
thereafter (Fig. 2a). No appreciable differences In the genotype, 
ratio and survival rata were uyletl between the 129/B6 hybrid 
imd 329/Sv puts bacVgroi.ods. 

At birth, Nppc~'~ pups had a body weight and a naso-nnal 
length about 90% of those or Nppc* 1 * pups. In NppC 1 " mice, 
dwarfism with short Uiis aid extremities became prominent as 
they grew (Fig. 2f<). The naso-anal lengths of male and remote 
Nppc-'- mice were 60-70% or those at Nppc*'* mice at 4-10 
weeks of age (Fig. 2 c and d), Body weights o(NppQ~'~ mice were 
about 70% of those. otNppc*'* mice, and no significant differ- 
ences in visceral organ/body weight ratios were noted between 
genotypes at 20 weeks of age. No other gross abnormalities were 
found in Nppc-'- mice. 

Soft x-ray analysis revealed that the longitudinal growth ol" 
vertebrae and tail and limb bones is affected in Nppc~'~ mice. 
The longitudinal lengths of femurs, tibiae, and vertebrae in 
Nppc-'- mice were 50-S094 or those iaNppc*'* mice (Fig. 2c). 
The rj«SO-ocoipital length of the ealvarium, -wlijch depends on 
the growth of occipital and sphenoidal bones formed through 
endochondral ossification, was also reduced significantly m 
Nppc~'- mice relative to Nppc*'* mice (ft - 4, /' < 0.(15) (Fig. 
2e), On the other hand, in Nppc~>- mice, there were no 
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appreciable changes in the shape and interparietal width of 
the skull vault, which tire formed by membranous ossification. 
These observations indicate thai loss of Cm' affects 
endochondral ossification but nol membranous ossification 
to vivo. 

Longitudinal bone growth is determined by endochondral 
ossification in the cartilaginous growth pints, which b located at 
both ends of vertebrae and long bones (22), Th.6 CArlilagmnus 
growth plate consists of the resting, proliferative, and hypertro- 
phic zones of chondrocytes, Histologically. Nppc~'- mice dis- 
played striking nanwing of the growth plate of vertebrae and 
long bones compared with Nppc* 1 * mica at 7 diiys of age (Fig, 
3 a and b). The heights of the [Wuliremllve and hypertrophic 
zones were markedly reduced in Nppe-'' mice, whereas no 

significant differences in the resting zone were noted between 
genotypes, in situ hybridization analysis revealed no appreciable 
difference in the intensity of Co!2uI and type X collagen 
{ColIQal) raRNA expression betwoen genotypes (Fig. 3 c-/).No 
ectopic expression of CoUtil mRNA was found in the growth 
plate from Npjic~'- mice (dnlu not shown), These findings 
suggest that choiu'imeylc precursors are capable of differenti- 
ating into hypertrophic chondrocytes In the growth plate from 
Nppc''"' mice. However, the band width oCiWi-cxprcssing cells 
[cells committing to differentiation into hypertrophic choadro- 
cytcs (23)] was narrowed in Npp<r'~ mice relative iO-Nppc'" 
mice (Fig. 3g-/), ul though the intensity of Ihh expression was not 
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fig. 3. Hlrtologkal analysis pt proximal epiphyseal cartilage* of the tibia from 7-day-dd Wppf'* Mid WPC" 1 - mice. to and « Aldan blue-ltanalcuyliri/ec-sin 
stalnlna of tibial epiphyseal cartilages futon V/jpc-'- M and Wppc ' <6> ml». Ratting (B>, proliferating (p), and hypwtrpphle (H; rvnss ore indicated, (c-j, m-p) 
Mtfu hybridization ana^oftlbl^ 

(r, u), Col/9;.) C*. 0. /Ah (o-yl Nppc On. »), er flprt (o, p>. (Ar and /) immunehjfle {hernial detection of BrdUrd-utbctal ChCmlrocyto in the tibial growth plate 
from NppC- (A! end Nppc-'- [/) mice, (Magnification: x-Ji, *-d, X40;ii xtOO.) 



remarkably different between gcnotype-i. Noljibly, the ratio of 
the height qr the hypertrophic zona to the hcicht of the piolif- 
cralive zone was decreased by -50% in Nppc~'~ mice compared 
with Nppc^'* mice (fig. 3 d and f>). These observations suggest 
that the rate of cell differentiation into hypertrophic ohondro- 
cytcs is reduced in Nppc~ H mice, The number of hypertrophic 
chondrocytes positive for terminal deoxynucieotidyl tfansleriuic- 
mediated <|coxyuridinc triphospbatc-biotin nick end labeling 
was not significantly different between ccnotypos (data not 
shown), suggesting that chondrocyte apoptosls Is unaffected in 
Nppe~'~ mice 

We also assessed the consequence of Njijic ablation on the 
proliferation of the gruwlli plate chondrocytes, There was a 
significant reduction of BrdUrd-labclcd ccdls in Nppc 1 mice 
relative KvNppc*'* mice (Fig. 3 k anil I), demonstrating thaL CNP 
promotes chondrocyte proliferation in vivo. 

In Nppc*'* mice, Nppc mRNA was delected in proliferative 
a\nd prchypertrophic chondrocytes in [lie growth plate bnt not 
detected in Nppc-'- mice (Fig. 3 m and n). Expression of mRNA 
for CJC- 5 (Npr2) was detected predominantly in the proliferative 
and prEhyperiJ'Qpnjo chondrocytes in both Nppc-'- " and Nppc*'* 
mice (fitj, 3 o and p). The tail bone cGMP concentrations hi 
Nppc~'- mice were markedly smaller than those in Nppc*'* mice 
ut 7 days of age (P.7 ± 2.2 vs. 25.6 ± 2,7 pmoI/ E tissue, /, - 6, 
P <■ 0.01), suggesting :hnl CNP is a major determinant of cGMP 
in the bone, Evidence has indicated that CNP increases the 
height of the proliferative «nd hypertrophic ion ej.ol chondro- 
cytes and cartilage matrix production in tho organ cultures of 
fetal mouse and rat long bone? via cGMP production (21 , 24). 
ll is therefore likely that CNP acts primarily on proliferative and 
prebypcrtrophic chondrocytes expressing CC-B, thus stimulat- 



ingrowth plulc chondrocytB proliferation and differentiation m 
vivo lhn.uigh.cGMP-mediatBd pathway. Histology of other or- 
gans whs not remarkable in Nppc~'~ mice at 20 weeks of age 



f Nppc - '- Mice, To determine whether local 
expression of CNP in (he bone can rescue the dwarfism of 
Nppc-'- mice in vivo, they were crossed witJi miee with trans- 
genic expression or CNP in the growth plate chondrocytes (Tg 
genetically "rescued" intimate [or Nppc-'- mice with 
arte expression (Tg/Aftpc - '- mice)] were of normal 
appearance (Fig. 4a), and their skeletons were indistinguishable 
from those Q{Nppc~"* mice. During postnatal development, no 
significant difference in the naao-anol length was observed 
between Tg/Nppc-'- and Nppc* 1 * mice (Fig, 46). Body woights 
o£Tp/Nppc-'- miee were not different from those of Nppc* 1 ' 
mice at 10 weeks of age (24.3 ± 1.9 vs. 21, y ± 1.1 c . « - 6). 
Histologically, no appreciable differences in tibial growth plate 
cartilage were noted between Tg/Nppc-'- and Nppe" n miee 
(Fig, 4e-c),The tail bone cGMP concentrations in Tj;,/Nppc-'~ 
miee (17,2 S 4.9 pmol/g tissue, n - 6) wore also roughly 
comparable to those in Nppc* 1 * mice (25,6 ± 2.7 pmol/g tissue, 
n - 6, P > 0.05). These findings demonstrate that CNP, when 
expressed locally in the growth plate chondrocytes, can rescue 
the fikelcUil defect of Nppc-'" mice via the cGMP-mcdintcd 
mechanism in vim. Although CNP is expressed in « variety of 
central and peripheral tissues, tnc dam o. f this study indicate that 
CNP acts locally as a positive regulator of endochondral ossifi- 
cation. Tarjctccl expression oF CNP In tho growth plute ehyn. 
drocytcs also resulted in prnlfingecl surviviil of Nppc" 1 ' mice; 
most Tn/Nppc-'- mice examined ( 1 1 nr t3 mice) survived up to 
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Flo. 4. Gen«l< tcKik ofteBC"'- iniccbycrosseswJthtraiiigMUcmkKVMiili 
»ig»t«<f ttprossion of CWI» in the growth pl»tc 4hwidrocyt«. (a) Grou 
appearanmof rVppr*'* inlet-, .<%¥>r<- mi« without theiransgene expression, 
and Wooc-'-mice wfch the tr»n>g*nc exprcraon tftfNpptr 1 - mice) at 20 
weeks of age. {From Top to Bottom) Wppt**, WppC'". and Te/rVppe-'- mice. 
(W Growth turvna or fV/i/xc*' 4 (O), Wppt:" / ~ and Tg//Vppc ^mlmV-c 
0.05 V4. Afepe+» mice, (c-e) Aldan l)!ue-hcfnlito»ylin/i»sir> stafafogs of tibial 
rplphyjwM airti!Bge3frorn7-day-ole Wppc*'* «, fVppC-'- (d), andTg//Vppc-'- 
(e) rtikc. (0 Survival curvesof (vppc '"Co), Nppc->- (Q), and Tp/Wppc"'" mice 
(■). % f < 0.05 vs. Wppir-'t mice. 



20 weeks of age (Fig. 1/). Therefore, A/ppe ' mice are short- 
lived because of their skeletal abnormalities. 
Transgenic mice with elevated plasma TJNP concentrations 

show skeletal overgrowth clue to increased endochondral ossi- 
fication (13, 14), whereas mice witli targeted disruption Of BN.P 
exhibit no skeletal abnormalities (18). Thvj3, BNP. a hormone 
derived from the cardiac ventricle, is not involved in cnrlochon. 
dial ossification under pfryxiolO£ia>l conditions, This study has 
established CNP as an endogenous ligand to activate the oGMP 
production In the bone, thereby regulating endochondral ossi- 
fication. In (his context, mice with targeted disruption of cGMP- 
dependent protein kinase II, an intracellular mediator or tiGMP 
that is expressed in late proliferative and early hypertrophic 
Chondrocytes in Ihe growth plate, show dwarfism due 10 im- 
paired endochondral ossification (25). We postulate that the 
CNP/CC-B/oGMP-depondent protein kinase II sifinalinj; cas- 
cade plays a critical role in endochondral ossification. Recently, 
fVprJ - ' - mice have been reported to show .skeletal overgrowth 
and increased endochondral (waificjitign (15, l(j), It is likely that 
the metabolic clearance of CNP produced locally is delayed in 
Npr3~l~ mice, thereby activating endochondral ossification. 

The iWppc'~ mice exhibit gross phenarypes and histologic fea- 
tures similarto those round in patients wilhachondroplasia (it)) and 
mouse models' for achondroplasia (27, 28), Several gtiin-of-fimction 
mutations in the fibroblast growth factor receptor 3 gene have been 
found in most achpndroptastic patients and those with two other 
distinct skeletal dysplasias. hypochotKlroplnsia and chnnnlophoric 
dysplasia (29-32). Our data suggest that CNP may be one of the 
eaiisntive genes for such skeletal dysplasias of unknown origin and 
may be useful for bfealment of achondroplasia. 

We drank T. Shiroishi for the 129/SvJ mouse' strain; K. KaisuKl. G. 
Katsuura, K. Watnnnbe, K. Okadii,H. Htralanl, unil M. Nupimotn for 
technical assistance; and Y. Isa and Y. Nakyima for secretarial a^is- 
tanee. This work is Supported by crams from Research lbr Ihe Future of 
the Japan Society /or the Promotion of Science (JSPS-JUFTf MlOtrajt 
aadS8L0(ia()l); the Japanese Ministry ofEdllcaiioil, Science, Sports, and 
Culture; the Japanese Ministry of Health and Welfare; die Kauae 
Foundation for tile and Sociomedicjl Science; the Study Group of 
Molecular Cardiology; tlic Mochida Memorial Foundation Tor Medical 
and Pharmaceutical Research; the Tanabc Medical Frontier Confer- 
ence; and the Cell Science Research Foundation. 
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SUMMARY; We have isoloted the cene foT human C-type natriuretic peptide (ONP) from * 
human Genomic library usine a cloned porcine CNP gnomic DNA fragment as probe. Human 
CMP gene consists of at least two coding blocks and an intron, and undndeR » i26-reeidue CNP 
precursor (human prepro-CNP). From a comparison of the amino acid sequences of porcine and 
rat prfipra-CNPa, human prepro-CNP ia found to be processed to generate 22-and Q>TS6idue peptides 
(rmntsn CNP-22 and human CNP-53, respectively) as major endogenous CNPs in human. 
TntsraKtinfly, human CNP-53 hat two amine acid substitutions as compared to the porcine and rat 
CNP-53s, whereas human CNP-2a is identical to the porcine and rat CNP-22*, Intravenous 
injection of human CNP-G3 into snesthetLted rat* induces diuf etio-natriuretie and hypoUnslv* 
activities with same potencies «» porcine CNP-53 doeB, although thwe activities were considerably 
lower (about 1/100) than thooe of human ct-ANP. » iwu. Kmmu r««, 



C-type natriuretic peptide (CNP) ia the third member of the natriuretic peptide family 
identified following atria) natriuretic peptide (A-type natriuretic peptide, ANP) (1) and brain 
natriuretic peptide (B-type natriuretic peptide, BNP) (2). i'rom porcine brain, two related CNPs, a 
82-residue peptide (porcine CNP-22) and it* N-terminally elongated peptide (porcine CNP-53; 53- 
roriduo), here been identified and found to be major moleculfiT forms of CNP Jn the brain (3, 4). 
CNP has considerable sequence similarity to ANP and BNP within tile 17-residuo ring structure 
formed by a disulfide linkage. Unlike ANP and BNP, however, CNP ends at the second cysteine 
residue and locks further C-terminol extension from the ring structure. CNP also exerts a 
pharmacological spectrum similar to those of ANP and BNP, including diuretic-natriureHc, 
hypotensive and chick rectum relaxant effects, although the relative potencies are different (3). 



Abbmitttipnn: CNP, C-type natriuretic peptide ; ANP, atrial natriuretic peptide (A-type 
natriuratie peptide): BNP, brain natriuretic peptide (B-Lype natriuretic peptide); HPLC, high 
performance liquid chrCmatofiraphy. 

00OS-29lX#l 51.50 
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Thua, thro* type* of natriuretic cftttidM are now thought to participate in regulating the homeostatic 
talance or body fluid volume and blood pressure iriniammalB. 

Knowledge of the precursor Bind gene structures for CNP would he helpful in understanding 
the physiological function of CNP and its functional differences from the other two types of 
natriuretic peptides (AMP and BNP). In this respect, we have recently defined the precursor 
Structure* of porcin* (5) and rat CMPs <6) by molecular clonings of thr.ir Mirr<;ispo«din(J jw e nnd 
CDNA, respectively. 

Here we describe the isolation and characterization of the gene for human CNP. The 
entire precursor structure «nd predicted endogenous forms for humeri CMP will be also presented. 



Materials and Methods 

Isolatinn or g MH)imr rinnen ahCNP2 jrnd ahONPl) ; The 150 base pair (bp) porcine genomic 
DNA fragment encoding porcine CNP-53 (5) was urnxl re first proba to screen a Charon 4A human 
genomic library miide from human liver DNA. From on* positive clone (JihCWP2) isolated from 
2 x Id 5 phage clones, a 2.0-Kb JSeoKI restriction fragment that hybridized w the probe was isolated 
and sequenced, Then, this 2.0-Kb £c<?BI fragment was used as oeeond probe to reacreen the 
library, nnd IhfJNPl was MWlftttd. Southern blot analysis defined that fchCNFl poBsessed a 4.0- 
Kb JEcoHI restriction fragment that hybridized to the 2.0-Kb BooPJ fragment . This fragment wag 
isolated and used for further analyses. 

Hadbajgdji «iam?ncg determi'TiBKion: The 2.0-Kb and 4,0-Kb Ecajtl restriction frsfrments 

obtained above were subcloned into pUClS vector, reflpectivBly, and restriction cuzyroo maps of tho 
2.0-Kb and 4,0-100 ScoJEH fragments wore made. Appropriate restriction fragments were 
subcloned i»to M13mpl8 or M13mpl9 to generate single strand template*, and sequenced both 
strands by chain termination method (71 using synthetic oligonucleotide primers and universal 
primers. 

Pentidn nvnthesis : Human CNP-iO and porcine CNP-53 were prepared by sob'd phase 
techniques conducted on a phenylacetnrnidoinothyl resin using a peptide oynthosixor (Applied 
Biosystems 4S0A), An intramolecular disulfide linkage was formed by the action of 
KsDFWN^]. Synthetic peptides were purified by ion exchange KPLC nnd reverse phone HPtC, 
and correct synthoBis was confirmed by ammo add analysis and sequencing, 

BioBSssva: Natriuretic end diuretic activities were assayed ns described previously C8), after 
Injection of peptides into assay rats thronth the femoral vein in one shot. Systemic blood pressure 
was measured from the carotid artery in rnti(8). 



Rtsults and Discussion 
From a human genomic library, two pha^e clone* &hCNP2 and HhCNPl) containing 
hum/in CNP gen* sequences w OT e isolated «8 described in Materials nnd Methods, The clone 
Elated first tthCNPS) contained a 15.3-kilobnw (Kb) insert, in which a 2.0-Kb BcqSI reBTriction 
fragment had an open readirifi frame that encoded a protein (88-residue) highly homologous to th* 
C-termin*) region of the precursor for porcine CNP. This open reading frame, however, started 
from the £ccPJ site that is located at the end of the insert and didn't contain a likely site of 
translations! initiation, indicating that WiCNP2 waa a partial clone lacking nucleotides encoding 
N-terminal regions *f a precursor for human ONP. The clone isolated second (Mi CNP 1) 
contained a 4,0-Kb j&caftl restriction fragment that hybridlxed to the 2.0.Kb frBgrniint of M1CNP2, 
As shown in Fig.lA, the 4.0-Kb ScoRI fragment possessed about 2.0-Kb nucleotide extending 
beyond th» 5" end of the 2.0-Kb5eoM fragrment, 
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2jO-t6EcoRltr»ti«iil OJ1CNP2J 




<»AacaGCG^[k;cC5CCoCttt<^^rEia7GC<:i^cCJUkccTGn:=CGCATc 730 

TGCBGGTGGJCCkTCHMin'KXCCCTaM BOO 



roGlflAli*lii5IyOXyGl}Glolys1.y«e; > 1 yRspLy«Mir«.C2ycli«lyeiyRlaitnLouI.y P cis'MRXr(jC«r 



9LyfTyriy851yMaAnfil.y»i,yii[;lyL»BE»tLy»i;iyCY > Pl>«clyLo«y,t»«» J pXr,n«i;iy«.rH*t3+ra 



125 

TATmtcrjierTTAClCJftMACAWeeG*^^ lj^fi 

(^ICAACCCAeCTSCCTTeTIcraAttAGCXSAAAC?^ ) W 

TACCACCaCTCcrccCTATTOOCC^TGCIMSSM^ JSSO 

tCtCTCCA. 1«80 

ZiemsO. CA) Rfl.trictioii TO «p« for th« 2.0-Kb »hd A.<hO> EcoW frnenwu C4rri«d on *hCNF3 «nd 
MSNP1. roiportivdy. Only thou mtrletion itfte. r*l*v<u»l to th, prtttnt w«rk *re ««ow«. 
The coding block mnd infcron *t humim CMP gtn» Were shown by C3 and M , 
rMpn3*v t Tjr. ,how* th B 1.7-Kb Bam Hl-ftrf) reMriction fragment whoso nucleotide 
stquonce ihown Wow. 

(?) HuclMlida and deduced amino arid ■'■qimiicw ortht 1.7.Kb Sunffl-Pitl netviiticM 
frewaent NueWoUdo ntii*** « re nimt«r«l fl-om thi flbmHr oitc. The iddactd 
rnnmo acid .equsnco, shown bolow iho nuilwtids aaqwrnee, pumter.d f«w »l>. 
illiUiliVB methionine (Met), Putatawj TATA box, GC box.nnd V bon art indited by 
abided butts. The t»*h*lutionmI itap a>d<,a ;« shown by «^ », 
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Fig.lB shows nueleotide sequence of the 1,7-Kb Bomffl-Psfl restriction fragment in the 4.0- 
Kb ScoRI fragment (Pig.lA) and deduced amino acid sequence, this fragment possesses the 
entire ceding region for human CNP precursor protsiti as woll as a promoter Jlke region. 

About 135 baBBB downstream of the 5' terminal SctmKl site, there i? a TATAA Sequence 
(TATA bo*) which id hpmologs to the consensu! sequence for RNA transcription in oukeryotie 
genes (9). Jn the 5* flanking region Of the TATA box, two GC boxw (10) and a potential Y box (11) 
are fnuttd. 

The human CNP gene consists of at least two coding black* and an intron (Hcl), Coding: 
block £ and ceding block U encode 30 and 96 amino acid residues, respectively. The intron 
Walked between the two coding Mocks is 444-bp long, mid interrupts the reading Game precisely 
between cede-nit and contains Hi* GT and AG consensus dinucleotidea (12) nt the 5' and 3' 
boundaries, respectively, This Structural Organisation in almost identical to that of porcine 
counterpart, i.e., the tins of each coding blocks (I and CO and intron are identical in both species, 
except that the intron of human CNP gene is 5-bp longer thnn that of porcine gene, and the 
similarity of tie human and pnicine nucleotide sequence in each coding blocks (I and II) and 
intron are U, 93 and 78%, respectively. 

The huronn CNP precursor (126-residuee) encoded in the two separate eodine blocks 
exhibits a typical prepro-stnKtural form. The NT-terminal 23 amino add peptide (Met 1 to Ala 23) 
exhibits characteristic fenturos for the signal peptides Generally found in presecretoiy proteins 
(13), Therefore, it is likely that the first processing Df human CNP precursor (human prepro-CNP) 
takes place at the Ala 23- lyn 24 bond to generate the 103-residue pro-CNP. The 22 amino acid 
peptide at the onrboxyl end of the pro-CNP (Gly 105 to Cys 126) is identical to the porcine CNP-22, 
wbrel> is one of the endogenous CWe identified in porcine brain(3). and this peptide is preceded hy 
« typical proccssine; signal (Tjys .U)3-Lys 1(M), These facts sungest that further processing takes 
place aftar Lys 104 to general the 22-residue peptide, and this peptide, designated human CNP-22, 
can be regarded an an endogenous CNP in the human. Furthermore, human pro-CKP has the 
arginine residue nt position 73 as porcine precursor does ( Fig.2A), end it has been defined that the 
parcine pro-CNP was processed site* this argininc residue to give another endogenous OMP ( 
porcine CNP-53 X4,5), Consequently, it is likely that the C-termtnal 53 amino acid peptide ( Asp 74 
to Cy* 126 ) of human pro-CNP is olw tcnenised from the prccurtdr as another endogenous CNP ( 
human ONP-S3 1 

Fi£.2A summarlres the amino acid sequence data of prepro-CNPs of three mammalian, 
species reported in thiB (human) and earlinr papers (porcine and rat) (5,6). We previously 
pointed out that CNP seemed to be the most conserved among the three natriuretic peptide families 
(6), The present identification of human CNP precursor has confirmed it, ie., human prepro- 
CNP has only 5 and 8 amino acid substitutions as compared to the porcine and rat counterparts, 
respectively, However, iL should be noted that the ho.mau CNP-53 hea two amino acid substitutions 
nt the 20th and 37th positions from the C-termimis as compared to the porcine «nd rat CNP-53s, 
wharettc th« human CNP-22 is identical la the porcine and rat CNP-22*. 

Since the human CNP»63 thus doducad has two amino acid substitutions, we synthesized the 
human CNP-63 along with the porcine CNP-33, mid measured their diuretic-natriuTetie and 
hypotensive activities <m described in Materials and Methods, A 9 shown in Table 1, ifttravenuun 
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A ro cw> 

10 20 1"*"% 50 6 g 

porcine MHLSQUACALtl,TLbSLRPSB\K?GAPPKVPKtPIGEfiVAEPQaAGGGCKKGD(CTTOGGGflN 

r CMP -S3 ( _^. Cnp-22 

8P 3D 100 I 110 120 126 

porcine LKGDRS^LKUl.BVPTKSIVAWMLt,HEHPNAiy<YK(MNKK<3lSK5CF(SLKLDXI6SMSGLGC 

human I«KCDn$RlitIlDLRVDtKaRXAWAKl«T^EHPIfllRKYKCANKKCLSKGCFCLKI*t>RIC6MS<5LGC 

irftfc LKGOWRWRDLAVDTKS^WAH^IBHPWWiKCGNKKCLSKGCFQLKt-DRIGSMSGLGC 



huc<»r> GCSGCCygSCATSlfr^GCGGceCCCCCTGGCG SCGOTgAGT ACOCCCCfeCCcaflr.ftrf: 

, UiHLLiI n JJLL!rL4ii N 1 1 1 i n n n 1 1 iiiiiiitTi i iiu-n m 

porcine SPGGCCTi^CnTGlfA^WSGCBACCgCIi^G eca^GT ACCACCCAAcr.fiTmrr 

1111 HHIIIIIJJLLIII linillllllllllll I II I 

r« GCGCTCTGGGftTt;!g^GCAGCG7CCCCTIWCC«CGGArrGa3lACTGCACTGTGCA.CT 

£i£UIi_2. (A) Comparison in amino add «g.Benc« of human, porcine and fa* prepro-CWa. 
On«-l<stt*r amino acid iiohilnim ja oieA Positions for amino acid substitution obscrtwd 
between human Rnd porcine, and human and rut are indicated by * , 
(B) Nucleotide aoquann similarity in ftc 3'-nanXinE meiona efhunmn and poroiiw GffP 
puma and rat CNP cDlfA, Bo* fthpws the tranaletional atop wdon. The likely 
sequences for conjeniUi apliclnp donor lequencae are showi by undtriinR with a putative 
•pllcinf: eitoJ., 



injection of the human and poreino CKP-S3S into nncathotl.ed fats induced diur*(ac-nRtrfuretic 
and hypotensive activities essentially in the samtr wurttor ag those of human a>AM>. although 
these activities of human and porcine CNP-S.ls wwe, as like CNP-22 (3), considerably loww (about 
1/1O0) than those ofhuman ct-ANP. 

In previousj taper ( C), vtu iftpyed thatrat C^rPEenewaE expressed exclusively in brain but 
not in other tiMuM including c arji ac atrium, ventricle , Ijne.j grinBy, livsr, «nd _f^5tro inte»tinal 
fr?*^ On the other hand, rat ANP gon« wag mainly exp ressed in atrium midjih^^pre^td^jn 

Table 1. Diuretic and hypotensive activities of human and porcine CNP-53s 



peptide dose 


Urine 


Na+ 


K+ 




Blood Pressure 


(nmols/Jcg) 


<%) 


<%) 


{%) 




(%) 


fc-l>ANP 1.0 


2<S5±22 


3J8i51 


176±5 


291±2g 


88,7*1.7 


human CNP-53 100 


250±31 


335±74 


198*3 4 


2*6±65 


90.2±1 .6 


porcine CNP-53 100 


235±3(5 


29fi±3 2 


2(!I±3 0 


259±31 





JMoan±S.E. from 4 rats. 

% changes before and after administration. 
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ventricle and Wi g^_ In t he case of rat j NP t the gene expression was found in atfium and 
ventricle but nofc in brain, j£LthL»re8gect, bolhburaan and poTcing CNP.genes possme.S_twoGC 
b^w.and A.pot«ntUIXlxi^n.,thcir.t>wn)(iter regions hut such trunnri ptional rs^latory sequences 
Me.pot.foond in. the- promoter regions -of ANP and BW„B?JLej5.Cy-i?)^Sgg^tirig th"t thiwe 
B.equeneos -may Kl*»B* B JS&i<2^>SJr»*»« ,»P«?Raty and thj level of gene expression of CNP. 

In lramm CNP gene, the 3' flanking region downstream of the termination eodon 
(nucleotide position 1132 to 1134 in Fig. IB) does not contain an AATAAA sequence, *hich i* 
known as a poljrndenyfecion signal in many eukaryotie mHNA (20). Further asquencing or about 

I. 3-Kb dewattroara of (ho 3'. terminal Pert site foiled to show the oxistonce of this sequence, *his 
suggests that the human CNP gene has a very Ions ? untranslated region and/or !W i» * 2nd, 
long intTon in this region. To clarify this, we compared the nucleotide sequences of the 3' 
flanking rejjion of human CNP with those of the porcine CNP gen » and rat CNP cDNA As shown 
in jffe.2H, the nucleotide sequences of iho human, porcine and rat are conserved down to about 2o' 
nucleotides downstream of the termination codons, beyond which tho similarity decline* rapidly, 
especially between tho genomic sequences and tho cDNA sequence. MWBover, the human nnp\ 
porcins CNP k«»»» contain likoly sequences, for the consent™ splicing donor *equences(21,22), ' 
C/AAGGTA/GAGT, around 20-bp aownstroam of the termination oodon. TheBC data suggest that 
the human and porcine CNP genes seem .to contain the second introri in the 3' flanking region. 

The human CNP genomic DNA isolated here will provide the means to identify the tissues 
that express the gene and to study the control mechanisms of human CNP gene expression,' The 
investigation on these issues will hell) to understand tho physiological function of CNP and its 
functional differences from the other two types of natriuretic peptide, ANP and BNP. 
Furthermore, human precursor structure as well as endogenous forms for human CNPs thus 
deduced will focilltote identification of endogenous CNP forms in vioo, 
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Cloning and sequence analysis of a cDNA encoding a precursor for rat 
C-type natriuretic peptide (CNP) 
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Recall identification of a C-lype nntiinntk: peptide (CUP) in poralne twain Jtron$1y suited that a thj<d tneriuyr oftlie natriuretic peptide family 
alii! remains to be identified in outer special of mammals. A. cDNA. efteodia i a p^WurtoY Tot til CNP lifts dotted Item i rat brain cDNA library 
and sequenced. The precursor was a 126-residuc peptide, carrying a 23-rcsiduc *i»&aj sequence at Ihc N-tcrminu9 sad the inarm porcine CNP-53 
sequence ai the C-icrminur. Hy ftHA. bloi Misty*!?, rat CW raRNA was found to b* «xpr*a*ed exclusively in. the brain, implyins that CNP may 
function ift the Central nervous system aa a neuropeptide. 

C-lypc nktriurctic peptide; cDNA c)onhi E Precursor flroclure; A-type natriurelic peptide; B-type natriuretic peptide; Neuropeptide 



1. INTRODUCTION 

Identification of atrial natriuretic peptide (A-iype 
natriuretic peptide; ANP) and brain natriuretic peptide 
(B-type natriuretic peptide: BNP) disclosed the 
possibility that a natriuretic peptide (NP) family com- 
prising similar hormones participates in regulating the 
homcostatic balance of the body fluid volume and 
btood pressure [1-3]. ANP andBNP, though they are 
derived from distinct gene*, share a highly homologous 
17-residuersng structure, which is known to he essential 
For exerting natriurctic/diuretic arid hypotensive ac- 
tivities. We have recently identified in porcine brain a 
third member of thoNP family and designated it C-type 
natriuretic peptide (CNP) [4,5],' Porcine CNP con- 
sisting Of 22 amino acid residues' (CNP-22) and its N- 
tcrminaUy elongated form with 53 residues (CNP-53) 
show remarkable sequence homology to ANP arid BNP 
within Ihc 17-rcsiduc ring portion formed by a pair of 
cysteine residue* , However, porcine CNPtsrrhinatcs at' 
the second cysteine residue, which participates in the 
ring formation, and completely lacks the .further C- 
terminal extension, which occurs in both ANP and 
BNP. Moreover, porcine, CNP-22 stimulates gusmylate 
cyclase activity in cultured vascular smooth muscle cells 
more potently 'than ANP and BNP, implying that CNF 
may function in a manner distinct from ANP and BNP 
[6], In order to characterize the specified physiological 
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role of CNP and to define its functional difference From 
ANP and BNP, It i« essentia) to know the structure of 
rat CNP, rince extensive studies cm ANP and BNP have 
been carried out mainly with peptides of rat and human 
origin. Here we report cloning and sequence analysis Of 
a cDNA encoding a precursor for rat CNP. In addition, 
regional difference in the expression ot" the CNP gene 
was also examined by RNA blot analysis, 



2. MATERIALS AND METHODS 

2.1 cDNA library CQnrtrutfhn 

Total RNA was extracted from rat train by the guaoidine thio- 
cyanatt method. Pe-lytA)* RNA was isolated on an oli*o{dT> 
ccUulpse column (Pharmacia). Dooble-atranrfcd cDNA was synthesiz- 
ed front 4 ft: of rat brain poMA) 1 RNA by the mathod ofGubfcr and 
Hoffman P). CDNA was Hgaled to iieoRl adaptors and sizc- 
fractlonaied by l«r» agarose gel eleetropho^sis, After electroehitlon. 
300.1500 bp-fractfw was Ilgstcd to phage >stl0 arnw (Bethccd* 
Reseaicli Laboratory) «nd packaged In vitro by using Glgapacfc Odd 

<Stratagenc). 

Z.Z cDNA Hbrary jewws (mrf seoMaKe analysis 

High- and low-slrina*ndes In hybriditntion were controlled by the 
two. different concentrations of formanude (So** and 20*). 
HybrtdiitMlon was performed at H'C la a tolution of 5 X S$P55, $ 
Utnbardl's solution, 0.1% KDS, 100 af/nL denatured salmon 
sptrm DMA. contalrdng SVti or20«fc ronnarnide. Ral CNP genumic 
clonci were obtained from CharOo'A wt ■ gewmie 1 library 
(CloneteCrt). Recombinanti from |ht library Welt !«r««td uriJer low- 
strlngenfly cpodhions. by using a 150-bp ftenomlc IMA Efdjatent en- 
coding pordne CNP-53 as n probe; whieK was kindly donated by Y. 
Tawaraai <Suinory Iralllute for BiotnedSeal Research). An wpotled 
It), the probe -waj prepared from pordne li«ef DNA by the PCR- 
ampliiied method, using sense and nntiscnSc edmens, eorrcspondin« 
to the N-teiminal and C-terminal sequences of rmrcine CNP-53. Ods 
of the eloilra lh«> isolated was partially sequenced' by the dideoxy 
chain lerminadon method. Tltiii, lite SmuUMwl fiiijinent of ihc 
clonc.'correspondini to nudlcorides 245-39+ in Fig. 1. was used as a 
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Fig. 1. Nucleotide sequence of the cDNA insert in AiCNPll with predicted srqlno »dcl raiducj. Nucleotide 
che lists realdue or AT$ triplet encodiig a pMative initiating methionine, and those on the S'-»I»* or 
numbers, Tic termination rodon Is mitrted with Uircc consecutive asterisks. The AATAAA i 
id fcilott indicate ATTTA motif). 
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2.3 UNA blot analysis 

Foi/(A) i RNa (20 wh domiured using glyoxai ana 

dimahyUulfpxtde, and w*» fractionated on 1 l.*?b agarose fei, After 
elKtrophorens, RNA ni transirjred u> & nylon .roanbr:iine (Zela 
Probe, Bio-RjBd) and (Tied by utravialei irrBdJaiion (StrauIInker, 
Stratagene), The membrane wot prehsbrjrliwct and hybridiied at 
3?'C in 30ft formamide, 6 X S5PE, S X Dtohaidt's loluUoti, 0.5<f* 
SE6, md t00 ng/rai denatujed stlmon jpenn DNA. A cDNA Insert 
atUCHPZi »w labeled by the random-primed m«hod and used for 
rte hjrbridizaUgn, TlW Wot wai wnihed JL 37'C once in 3 X SSC, 
0.i^5DS,onreln0.5 xSSC.O.lftSr^.andfwtllytwJcckO.1 x 
SSC, 0, 1 % SDS. After autoradiopaphy, the radiolabeled prube Was 
fetuCed by DOtlina tti« mtmbrane is O.t X SSC. 0.5% SOS for 20 
rain. Then, the membrane w** used for the hybridization by the AN? 
or BNP probe. 

3. RESULTS AND DISCUSSION 

Recombinant* obtained from a rat genomic library 
were first screened under low-stringency conditions by 



using a 150-bp porcine CNF probe corresponding to 
porcine CNP : 53 15,8]. Five positive clones thus obtain- 
ed exhibited ibe identical restriction inserts of about 19 
icbp long. One of the clones obtained above was partinl- 
ly sequenced to verify that the clone encoded the rat 
CNP gene. Then, the SmaUMval f ragmeni of the clone 
" is to the CNF-53 region was used a$ a pro- 
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Fig. 2. Amino acir) wqoense or rat prcpro-CNP, Amino acid 
replacetrients objerveC between, ret and porcine CNP prccuriors are 
shown in the i5*rertho»e«. One-letter amino add notation is used. 
AITOW5 indicate the putative processing decs /or the signal peptidase 
(a), wid for jtencruSnt CNP-53 (b) ud CNP-22 <e>. Procesilni 
signals for CNP-53 and CNP-21 arc boxed. CNP-53 portion I> 
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be for screening the rat brain cDNA library under high- 
strmgeney conditions. 

Among 22 positive clones obtained from 6 x 1Q 6 
recombinant phages, a done, XrCNP21 . harboring the 
longest cDNA insert, was sequenced. Fig. 1 shows the 
complete nucleotide sequence of the cDNA, which is 
1020 bp long (excluding poIy(A) tail). A putative initia- 
tion cpdon ATO is located at nucleotides 1~3, preceded 
by the consensus sequence for the initiation, while a ter- 
mination cenknj TAG is found 126 codons later at 
nucleotides 379-341. A typical polyadcnylatidn signal, 
AATAAA, is found only at nucleotides (506-Sll, but 
no polyfA) tail follows the sienal. A GTTAAA se- 
quence, the closest match to the signal, which is located 
26 nucleotides upstream of the potyadcrrylation site, 
may serve as a signal for (he polyadenylation. 

The amino acid sequence encoded in the open reading 
frame is deduced a* shown In Figs 1 and 2. The amino 
acid sequence flanked by Cys" 7 and Cys" 3 (nucleotides ■ 



328-378) corresponds to the 17-rcsidue ring structure 
characteristic of thcNF family. In the cDNA sequence, 
a TGT wdon for the ■C-ternrinal Cys' 05 Is directly 
followed by a termination codon. Thus, the open 
reading frame encodes a putative precursor for rat CNP 
(rai prepro-CNP), which consists of 126 amino acid 
residues and carries a bioaetive unit at its C-terminus. 

The first 23-residue peptide Starting from the initial 
methionine is thought to be a signal peptide, based on 
its characteristic hydrophobic features. Consequently, 
it is most likely that the first processing of the precursor 
takes place in between Ala -1 and Lys< to generate a 
103-residue pro-CNP (Fig. 2). In the rat prepro-CNP, a 
typical processing signal. Lys^-Lys* 1 , is followed by a 
22-residue C-teRninal peptide, wHch is identical to por- 
cine CNP-22, one of the endogenous CNFs i 0 porcine 
brain 14]. This fact strongly suggests thatthc C-rerminal 
22-resldue peptide (rat CNP-22) can also be regarded as 
an endogenous CNP in the rat. Moreover, the C- 
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Pis, 3. <«) Schematic diagram of cDNAt for rat nslriuralc peptide family, ezh signal pexilidei sa bkwcUve unit; SWS disulfide bond; « slop 
eodem; » A.TTTA motif. (J>) Compmrtusn in amino add c*qumu of rat und pot elnc OMriuf ctip peptic hmllita. Scti or Identical residues art shad- 
ed. References of the snpiBicci: rat ANP |9J. porcine ANP (13]. ml J3NP UO), portiuc UNP [14], porcine CNP (8). 
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Fli. 4. RNA blot analysis of rat natriuretic pepilde rruueriprs iti rat tiwes. East iu* wntain«d 20 ^ of poty(A)* UNA. Numbers on the left 
indicate Wlobwc «i determined from RNA sia: markers. The probes used for hybridization 4re (I) CNP probe. (II) ANP probe thi (HI) HHP pro- 
be. Unfa; (1) brnirr. (2) utrinmi (3) ventricle; <«) lung; (5) liver; (6) kidney; (7) stomach; (!) small imtstine; (9) larsr Im«rJne. Alltosripby was 
at -80°C for 5 days except fur (ll)-2 and -3 (-«0"C for 2 b). 



terminal 53-rcsiduc seqpciK* (rat CNP-53) is preceded 
by a single Arg 30 , as in the case of thejweke CNP 
precursor (Fig, 2). Thus, it its likely that the processing 
may take place after ArB 5 " to give another endogenous 
form (CNP-53). 

As reported in our previous papers, porcine CNP-22 
as well as CNP-53, unlike ANP and BNP, have the uni- 
que structural feature thai, the C-tefrm'nid extension 
from the ring structure is completely absent [4,5], The 
present analysis shows that the codon for the C- 
termmal Cys 103 is directly followed by a termination 
codon, This fact clearly indicates thai rat CNP also 
lacks the C-terminal extension and that this form is 
generated without any additional post-translational 
modification, 

We have recently accomplished the structural 
analysis of the porcine CNP gone and deduced the 
amino acid sequence of a porcine CNP precursor {por- 
cine prepro-CNP) [8], Surprisingly, rat prcpro-CNP is 
identical to porcine prcpro-CNP, except that uiily 5 
amino acid residues arc replaced (Fig.. 2), 

As schematically indicated in. Fig, 3a, the molecular 
construction of prepro-CNP is very similar ro those of 
ANP and DNP. All membcrs.of (he rat NP family carry 
the signal sequences at their N-tcrminal regions and the 
bioactivc units at their C-termjjial regions, although 
they are derived from distinct genes (9,101. However, 
the 3 '^untranslated region of the rat CNP cDNA is 
about two times longer than those of rat ANP and BNP 
cDNAs. Furthermore, the rat CNP cDNA contains to 
the ,V -untranslated region four copies of an ATTTA 
motif (nucleotides 757-761, 774-778, 797-801 and 
812-816), which is known to destabilize mftNA in the 
cell [1 1], Since the motif is very much clustered in BNP, 
but iJ not found at all in ANP, the expression of the 
three genes for the natriuretic peptide family may be 
regulated through the different mechanisms [JO]. It is 
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well known thai nucleotide and amino acid sequences 
of ANP precursors are highly conserved among various 
mammals [9,12] (Fig. 3b). In contrast with this, se- 
quence homology among BNP precursors is remarkably 
low and homologous sequences are limited In the signal 
peptide and the C-tenninal bioactivc unit [10], 
However, homology between rat and porcine CNP 

. precursors is remarkably high (97.1 V» in the amino acid 
sequence of the pro-fonn), much higher than that 'be- 
tween ANP precursors (86.7%). Thus, mammalian 
CNP is thought to .be the most conserved NP In ibe 
family, In this respect, it should be mentioned that the 
C-terminal 22-rcsiduc peptide of a human CNP precur- 
sor has very recently been established to be identical to 
those of rat and porcine CNP-22 (to be published). 

Fig, 4 shows the RNA blot analyses of the rac NP 
family. When a cDNA insert of XrCNP2l was used as 
a CNP probe. mRNA of approx imnt.eJy_120Qiirj.,whicfi_. 

~7s longe r than those ofrat ANP (950 bp ) and rat BNP 
' (8'50"b1^ w as_djj^ in other 

examined nssucs Including ca rd iac atrium and v entricle, 

'Furthermore, no positive plaque was obtained, when a 
rat atrial cDNA library was screened with the CNP pro- 
be. Thus, r at CNP is concluded to be exp ressed ex- 
clusively in brain but noi .in.aii'jum jijdjfe.wride^rule' 

iat jVNP and BNP arc ma inl y localized in hear t. ANP 
andBN P, althou ghjhjire^ressjpn js.rcgulated .injheir, 
own manner, are thought to jys. cardiac horaaonc* m ain. 

jy_seCTttejyromJh^^ 

.brain and presumably func tions as, a neuropeptidgjn., 
the central nervous system. Thus, ANP, BNP and CNP 
are ra&tTilccly^rurction in concert with each other 
for maintaining the horaeostatic balance of the body 
fluid volume and blood pressure. 

The present identification of CNP in the rac gives a 
clue to solve the question as id whether or not a receptor 
specific for CNP is present . In this context, it should be 
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noted that natriurcticAliuietic and hypotensive ac- 
tivities or GNP arc about 100 times less potent than 
those induced by ANP and BNP, while the rectum- 
relaxant effect of CNP is 3-4 times more potent than 
ANP {4]. Furthermore, CNP potently increases cGMP 
levels in cultured vascular smooth muscle cells, and the 
extent of the maximunj elevation induced by CNP is 3.2 
times higher than that by ANP [fij, Such a phar- 
macological dissociation of CNP from ANP and BNP, 
combined with regional differences in (heir expression, 
SU88«ts 4 possible existence of a receptor specific for 
CNP, 
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